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A device and method for efficiently synthesizing diverse molecular products on substrates. A parent vessel (200) contains a susr^nsion 
of substrates. Hie suspension is pressurized with argon and transferred to a plurality of reaction vessels (201-209) m one or more react on 
vessel banks where monomer addition reactions take place. Optionally, the substrates may be tagged with a tag mon f m A e ^ r A t J^^ 
motor (300) vortexes the contents of reaction vessels (201-209) during monomer addition reacuons to enh ;" c % s >;" th n e ^ 
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mixing Thereafter, the suspension may be pressurized with argon and reallocated among reaction vessels (201-209) for further synthesis. 
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5 SYNTHESIZING AND SCREENING MOLECULAR DIVERSITY 

RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. Application Serial Nos. 
< 08/146,886 and 08/149,675, both filed on November 2, 1993, each of which is 

10 incorporated herein by reference for all purposes. 

COPYRIGHT NOTICE 
A portion of the disclosure of this patent document contains material which 
is subject to copyright protection. The copyright owner has no objection to the facsimile 
15 reproduction by anyone of the patent document or the patent disclosure as it appears in the 
Patent and Trademark Office patent file or records, but otherwise reserves all copyright 
rights whatsoever. 

FIELD OF THE INVENTION 
20 The present invention relates generally to methods and devices for 

synthesizing very large collections of diverse molecules and for identifying and isolating 
compounds with useful and desired activities from such collections. The invention also 
relates to the incorporation of identification tags in such collections to facilitate 
identification of compounds with desired properties. 

25 

BACKGROUND OF THE INVENTION 
Ligands for macromolecular receptors can be identified by screening diverse 
collections of peptides produced through either molecular biological or synthetic chemical 
techniques. Recombinant peptide libraries have been generated by inserting degenerate 
30 oligonucleotides into genes encoding capsid proteins of filamentous bacteriophage and the 
DNA-binding protein Lac I. See Cwirla etaL, 1990, Proc. Natl . Acad . Sci. USA 87: 
* 6378-6382; Scott & Smith, 1990, Science 249: 386-390; Devlin eLal., 1990, Science 249: 

404-406; Cull eLah, 1992, Proc . Natl . Acad . Sri. USA 89:1865-1869; and PCT 
publication Nos. WO 91/17271, WO 91/19818, WO 93/08278, each of which is 
35 incorporated herein by reference. These random libraries may contain more than 10 9 

different peptides, each fused to a larger protein sequence that is physically linked to the 
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g e„etic ma*** encode It Such tibraries 1 efficiendy seined for ~">°"» » 
Lep.or by several rounds of affinity purification, .he select expostbon or d*p.ay 
veel being amptified in E. col, and the DNA of individual clones sequence to reved 
TTdenb-y of J peptide response for reeepror bindin, See aiso PCT pubfication Nos. 

WO 91/05058 and WO 92/02536. 

Chemical approaches ,o genenuing pepbde or other molecular hbranes are 

notUtnited to syntheses using Just the 20 geneticafi, coded amino acids. 
bui.ding block set to include unnatural amino acid, and other molecular buddmg blocks 
me accLb,e sequence and stnucrura. diversity is dramatical increased, fir «veml of the 
, strategies described for cteating synthetic mo.ecu.ar libmsies, me reacuon products are 
spatiafi, segregated and me identity of individua. .ibrazy members is »-b.guo„ S .y 
defined by me nature of the synthesis See Geysen CUd., .984, M . M S»- 
USA 81- 3998-4002; Geysen OA 1986, in SBUigtfg Eauiste as AongHBl Cba 
Potion Symposium ..9, eds. Porrer, R- « Whee.a, , (Wiley, ™ Z PCT 
5 ,31-146; Fodor sol., .991, Sgtass 251: 767-773; U.S. Paten, No. 5,143 854, and PCT 
pamn, pubficafion Nos. WO 84/03564; 86«XS9,; 86/06487; 90/15070; and 92/10092, 
each of which is incorporated herein by reference. 

Libraries of more than 30 million soluble pepfides have been prepared by 
U.C -tea-bag- method of muhiple pepdde synthesis. See Houghton, ,985, Era, HgO, 
» « Sei- USA 82: 5,3,-5,35; and U.S. Patent No. 4,63,,2U, each 

.ncorporated herein by reference. Each Bbrary is synthesized and screened . d»_» 
peptide mixtures in which individual amino acids within Ore sequence are exp.tc.Uy 
defined. An iterative process of screemng <e.g., in a competition binding assay) and 
resynthesis is used ,o fractional these mixtures and define the mos, active 
2S Jfibrary. See Hough.cn gUl, .».. 1M. 2M: 84-86; MO.**. .992 E^g 

5: 351-358; Blake, ,. & Litzi-Davis, .992, BisxmW^ Chgm. 1 510-5.3, and 
PCT pattn, pubtication No. WO 92/09300, each of which is incorporated henttn by 

reference. ^ spm . synthesis protoc „, „f Furka SLA- 1988, Aiatt- lilt IB- 

30 ^.Bi^., Prague, Czech. S : 47 (see ^PurkagLg!.. "" ; ^ 1 ™ i ^ to 
Res. 37: 487-493; and Sebes„e„ .993, Etog- M* Osm- I~ * 

Lan, and coworkers have prepared notaries containing - .0* peptides atuched to ,00-200 
„m diameter resin beads. See Lan, gLgl.. 1991, mm 324: 82-84; Lam *±. 1993, 



WO 95/12608 PCT/US94/12347 

3 

Bioorg. Med . Chem. Lett. 3: 419-424; and PCT patent publication No. WO 92/00091, 
each of which is incorporated herein by reference. The bead library is screened by 
incubation with a labeled receptor: beads binding to the receptor are identified by visual 
inspection and are selected with the aid of a micromanipulator. Each bead contains 50-200 
5 pmol of a single peptide sequence which may be determined directly either by Edman 
degradation or mass spectrometry analysis. In principle, one could create libraries of 
greater diversity using this approach by reducing the dimensions of the beads. The 
sensitivity of peptide sequencing techniques is limited to — 1 pmole, however, placing a 
clear limitation on the scope of direct peptide sequencing analysis. Moreover, neither 

10 analytical method provides for straightforward and unambiguous sequence analysis when 
the library building block set is expanded to include D- or other non-natural amino acids 
or other chemical building blocks. 

High throughput screening of collections of chemically synthesized 
molecules and of natural products (such as microbial fermentation broths) has traditionally 

15 played a central role in the search for lead compounds for the development of new 

pharmacological agents. The remarkable surge of interest in combinatorial chemistry and 
the associated technologies for generating and evaluating molecular diversity represent 
significant milestones in the evolution of this paradigm of drug discovery. See Pavia et 
al., 1993, Bioorg. Med . Chem . Lett . 2: 387-396, incorporated herein by reference. To 

20 date, peptide chemistry has been the principle vehicle for exploring the utility of 

combinatorial methods in ligand identification. See Jung & Beck-Sickinger, 1992, Angew. 
Chem . Inj. Ed. Engl . 21: 367-383, incorporated herein by reference. This may be 
ascribed to the availability of a large and structurally diverse range of amino acid 
monomers, a relatively generic, high-yielding solid phase coupling chemistry and the 

25 synergy with biological approaches for generating recombinant peptide libraries. 

Moreover, the potent and specific biological activities of many low molecular weight 
peptides make these molecules attractive starting points for therapeutic drug discovery. 
See Hirschmann, 1991, Angew. Chem . Int. Ed. Engl . 30: 1278-1301, and Wiley & Rich, 
1993, Med . Res. Rev . 13: 327-384, each of which is incorporated herein by reference. 

30 Unfavorable pharmacodynamic properties such as poor oral bioavailability and rapid 

clearance in vivo have limited the more widespread development of peptidic compounds as 
drugs however. This realization has recently inspired workers to extend the concepts of 
combinatorial organic synthesis beyond peptide chemistry to create libraries of known 
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,992, ^.^JM S9: 9367-9371; Zudtennanr , sUl 
O^toU* 10646-10647; and Cho SU-I., 1993. 261:1303-1305, each of 



which is incorporated herein by reference. 

Despite the great value that large libraries of molecn.es can have for 
idendfying nsefnl compounds o, improving the properties of a lead compound, me 
tdenttfytng use t~ -^tai, large libraries, has limited the impact 

difficulties of screening such ltbranes, particularly & ,<„,„ discoverv 

access to such libraries should have made in reducing the costs of, e.g., drug *-"-» 
Td Llopment. Consequendy, me devdopmen, of methods for generating and .reemng 
, ibra ries of modules in which each member of die library is tagged with a untque 

93,06,1, — ;r/Lt:r», ^ m.. 

> 946 239, filed September 16, 1992, and mcu h 

' with great endiusiasm. In me method, products of a chemical synthesis procedure 

^4 a combinatorial synthesis on resin beads, are eaplicidy specif by mmchmen. of 
Tidendfter tag to die beads coincident with - coupling or other product genemuog 
reacnon step in the synthesis. Bach tag specifies what happened in a reacon amp* 
0 interest, e.g., which amino acid monomer was coup,ed in a particular step of a pepude 
"therispn^edure. Tne structure or tdendty of a compound, e.g., the sequence of a 
L^Ton any bead can be deduced by reading the set of tags on ma, bend. .deafiy, such 
XI a high informadou content, are — to very high activity detecnon and 
decoding, and are s*b.e to reagents used in the synthesis. The concept of an 
25 ohgonucleodde-encoderi chemical synthesis was also proposed by Brenner and Lorner, 
,992, Proc. m. **■ «■ ™* 82: 5181-5183, incotporated herem by referen^ 
The encoding mediod has been employed to show that, startmg w«h an 
orthogonally differentiated diamine linker, parallel combinatorial synthesis can be used to 
genemte a librae of soluble chimeric pepddes comprising a -binding- and a 
30 "coding- strand. See Kerr ajl., 1993, I. 4«. Ctan. S*;. 115: 2529-2531, 

incorporated herein by refetence. The coupling of either natural or unnatural ammo^d 
monomers to the binding strand was recorded by building an amino actd code compn^d 
,„„, L-amino acids on the -coding- strand. Compounds were selected from equtmolar 
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peptide mixtures by affinity purification on a receptor and were resolved by HPLC. The 
sequence of the coding strand of individual purified molecules was then determined by 
Edman degradation to reveal the structure of the binding strand. An analogous peptidic 
coding scheme was also recently reported by Nikolaiev et al .. 1993, Peptide Research 6: 
5 161-170. 

[ Constraints on the sensitivity and throughput of the Edman procedure will 

ultimately restrict the scope of this aspect of the encoding method to analyzing libraries of 
limited diversity. The use of oligonucleotide tags offers greater promise, but improved 
methods for synthesizing oligonucleotide-tagged molecular libraries are needed. 

10 Moreover, there remains a need for alternate methodology for synthesizing and screening 
very large tagged molecular libraries. 

Where it is desirable to synthesize diverse collections of molecules on a 
plurality of solid supports such as beads, additional problems can arise. Examples of the 
use of beads with diverse molecular products synthesized thereon are disclosed in, for 

15 example, the following applications, incorporated herein by reference for all purposes: 

U.S. Application Serial No. 07/876,792, filed on April 29, 1992; U.S. Application Serial 
No. 07/762,522, filed on September 18, 1991; and U.S. Application Serial No. 
07/946,239, filed on September 16, 1992. 

While meeting with substantial success, the techniques described above have 

20 also met with certain limitations. For example, when the synthesis of diverse products 
takes place on beads, many manual manipulations of such beads become necessary. For 
example, in U.S. Application Serial No. 07/876,792, filed on April 29, 1992, incorporated 
by reference herein for all purposes, one must suspend a collection of beads in a carrier, 
divide the beads, perform monomer addition reactions on the divided sets of beads, 

25 sometimes redivide and selectively recombine the beads thus synthesized, mix the 
recombined beads, and repeat the process. When large numbers of monomers are 
involved and when the reactions involve many monomer addition steps, manual techniques 
become extremely tedious. In addition, the "accounting" for the many products that have 
been synthesized becomes a daunting task. 

30 From the above, it is seen that improved methods and devices for 

synthesizing and screening very large tagged molecular libraries are desired. The present 
invention meets these and other needs. 
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SUMMARY OF THE INVENTION 
The present invent provides improved melhods for generating and 
screening molecular libraries in which the individual molecules in the library are tagged 

5 rapidly and efficiently synthesizing diverse molecular products. 

In one embodiment, Ure.nesent invention provides methods and reagents for 

egging the products of comb.na.oria! chemical presses to confer encoded syntteoc 
cblca, libraries, .n an important embodiment, the invention provides a method for 
performing peptide and oligonucleotide synthesis on microscopic beads rhrough an 
,0 Lnaflng and compatible synthetic procedure. ^^"rT^ZZ—, 
synthebc peptide Ubracy produced by this combinatorial syndresrs rs composed of many 
Ids eacTof which conuins many copies of a single pepbde (with a defined M 
m d a'single-stranded DNA nag whose sequence ariificially and unambiguous., codes for 
U,e strucrure of Ure associated pepbde. The librae can be efficiendy rn.erroga.ed for 
,5 inreracdon witd fluorescendy-labeled bio.ogical recep.o,s b, flow cyKrmetry, and 

individual beads select by eroding the ability of PACS instrumenradon to sort angle 
beads. The DN A rag on a soried bead is amplified b, ft. PCR and sconced to 
determine me smucrure of me encoded pepdde .igand. The .ibrary can be used _ for 
esampie, to find high affinUy (nanomolar) Ugands for a receptor sucb as an anb-pepdde 

20 monoclonal antibody. 

A symhedc molecular library of the invendon can be produced by 
synthesizing on each of a plurality of solid supports a compound, .be compound berng 
differ*,, for different solid supports. The compound is syndresized in a process 
comprising the steps of: (a) apportioning me supports in a stechasde manner among a 
25 p.urali,y of reacion vessels; (b, exposing .he supports in each reacbon vessel to a first 
chemical budding bloch; (c) pooling the supports; (d, apportioning dre supports ma 
srochasdc manner among dre p,urality of reacdon vessels; (e) exposmg the support* m 
reacdon vesse. .o a chemical budding bio* and (0 repeadng s.eps (a, drrough (e, from a, 
,eas. one ,„ twenty bmes. Typically, subsrandal.y eoual numbers of solid supports wd> be 
apportioned ,o each reacdon vessel. In one embodiment of Are medrod, d» chemrca. 
building Mocks are chosen from the se. of amino acids, and dre resuldng compound rs 



30 

peptide oligomer. 
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More particularly, the invention relates to certain improvements in the 
coupling chemistries associated with such methods. One such improvement relates to the 
chemistry used to remove the Fmoc protecting group from the alpha-amino group of a 
bead, linker, or growing peptide chain in such syntheses. Preferably, such removal is 
5 effected by treatment with 5 to 15%, preferably 10%, piperidine for 5 to 60 minutes, 
preferably 5 to 10 minutes, although other conditions may be employed, e.g.. 15 to 30% 
piperidine for 5 to 30 minutes. Other improvements relate to the activation chemistry of 
the peptide coupling reactions, in that when certain automated instrumentation is used to 
perform the synthesis of an oligonucleotide tagged peptide library, the invention provides 

10 for a simple mixture of HOBt/HBTU to reduce reagent supply bottles. 

In another aspect, the present invention relates to methods of synthesizing a 
tagged molecular library, wherein each molecule in the library is covalently attached to a 
solid support and is tagged with one or more different chemically inert hydrocarbon tags, 
wherein said tags comprise a variable hydrocarbon region and a molecular hook. 

15 Preferably, such tags comprise a cleavable linker attaching said tag to said solid support, a 
molecular hook, and a variable length hydrocarbon chain linking said molecular hook to 
said cleavable linker. More preferred are those embodiments wherein said tag comprises 
the formula: 

20 wherein n is from 1 to 10 or more, X is a cleavable linker and R is a molecular hook. 
Such molecular hooks are preferably selected from the group consisting of biotin, a 
complement of a high association peptide pair and a protected activatable group, such as a 
photoactivatable group. Preferred cleavable linkers are photocleavable linkers 

Also provided is a method of detecting the presence of such chemically inert 

25 hydrocarbon, tags. The method comprises cleaving the one or more different tags from the 
solid support, followed by immobilizing the tags to a second solid support. The 
immobilized tags are then treated with an oligonucleotide sequence whereby the 
oligonucleotide sequence selectively binds to the immobilized tag. The oligonucleotide 
sequence is then amplified, and its presence is detected, wherein the presence or absence 

30 of the oligonucleotide sequence is indicative of the presence or absence of the tag. 



10 



15 
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Another embodiment of the present invention provides a method of 
defining the rerprence of synthesis sreps for a synthesized mo.eettle auached ro a soUd 
ITr, in tagger, molecular library, ugged with chemically inert hydrocarbon rags. The 
32 combes ind^uaU, detecting the presence of one or more different tags on satd 
solid support, the presertce or absence of said individual tags being tndtcative of dte 
occurrence of a particular synthesis step in <he synthesis of said molecule. 

ta another aspect, the invention relates to methods and insrtumentauon for 

svnthesiring encoded synthetic chemical libraries on beads too small to be separated on 
synthesmng 1 . _ „„,,„„ Suc h small beads allow the resulting library 

conventional flow cylometty instrumentation. Such smalt oea .„.„„,„„ 
Z to increase from me more typical range of Iff » .0" fur bead baser, bbran« up to 
2 >0" members for bead-free Ubeax.es. The invention a,so refc.es ,o merhods for 

S "°~ tion tdso refcres to methods for screening encoded synmetic 
Ubraries «o identify useflt, compound, In one importan, aspect, ihe invention provtdes 
important advances in the field of narura, product screening relating ,o 
generating, tagghtg, and screemng naorra, product Ubraries to character,- and tdenufy 
compounds WU, ^ ^ ^ ^ ^ ^ 

and efflelenuy identifying a poo, of compounds from a molecular nbrary ' ~ 
,„ tins medtod, ore oligonucleotide «s from a poo, of bagged compounds »at ertnbua 
desired property (e.g„ binding «o a receptor) are concruemerired and cloned to facdtbue 

Z peptil, and an eroding scheme based on tine genetic cede ts employed then onecan 
JL individual ags flom tite concaremer into otiter sCeetion and 
, such as the P ,asmid and phage-based sys«ms described in the background see^on above, 

for further analysis of the peptide. 

to another embodiment, me present invention provides an apparatus and 
melhod for rapid,, and efflciendy syntitesizing diverse molecuto products. Accordmgjo 
^aspdofdte invention, diverse po,ymers are synlhesiz* on 
0 Z beads Option*, tite beads may be simuhaneouriy "lagged" dunng tire symhests 
0 suss beads, op y f example , ^ Resized molecules on 

reactions with a molecular lag. mci^j j ^ ^^^wides 
.he beads may comprise peptides, wbfle tite mo,ecu,ar tags may compnse ohgonudeotides. 
Of course, mher molecula, produce may also be synthesized using ft. lechn.ctues 
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described herein whenever a molecule has a basic "building block" common to other 
related molecules. Examples include benzodiazapines, prostaglandins, and beta turn 
mimetics. 

According to one embodiment of the invention, a parent vessel is used to 
5 mix bead suspensions. The mixed beads are distributed through a common manifold to a 
plurality of separate reaction vessels. In the reaction vessels, the beads are exposed to 
different, selected monomers, which react on the beads to be coupled thereto, preferably 
covalently. The beads may, optionally, be exposed to chemical "tags" which also couple, 
covalently or otherwise, to the beads. The beads are then recombined through the 

10 manifold back to the parent vessel and mixed. The mixed bead suspension is then again 
divided among the plurality of reaction vessels, and the process of monomer addition, bead 
mixing, and redistribution continues. The process results in the formation of a collection 
of beads or other substrates with a diverse set of molecules formed on the surfaces thereof. 

According to one aspect of the invention, the invention includes an apparatus 

15 and a method for synthesizing diverse molecules on substrates. The substrates are 

distributed to selected reaction vessels from a parent vessel. Reagents are then introduced 
into the reaction vessels to synthesize a portion of the molecules. The substrates are then 
moved to the parent vessel for mixing. The substrates are then redistributed to the 
reaction vessels for further synthesis. The cycles continue until a desired set of molecules 

20 are synthesized. During synthesis, the entire synthesizer is sealed from the external 
atmosphere. 

In general, the invention provides apparatus and improved methods for 
generating and screening molecular libraries in which the individual molecules in the 
library are tagged with unique, easily decoded identifier tags. 
25 A further understanding of the nature and advantages of the invention may 

be had with reference to the description and drawings below. 

DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a schematic diagram of the synthesizer of the present 

30 invention; 

Fig. 2 shows a schematic diagram of a reagent reservoir; 
Fig. 3 shows a 3-port valve used in the synthesizer; 
Fig. 4 shows a 2-port valve used in the synthesizer; 
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Fig. 6A shows an alternative arrangement of a reaction vessel bank having a 
rotatable carousel holding a plurality of groups of reagent reservoirs; 

Fig. 7 shows the interconnections among a lower manifold valve, an 
injection valve, a reagent reservoir, and a reaction vessel; 

Fig. 8 shows a nonconcentric agitator; 

Fig. 9 shows the upper portion of a reaction vessel bank; 

Figs. 10A and 10B show a lower reaction vessel bracket; 

Fig. 11A-11D show an optical alignment block for use with optical sensors 
to detect the presence of a liquid within a substantially translucent tube according to one 

aspect of the present invention; 

Fig. 12 shows a reaction vessel according to one aspect of the present 

invention; 

Fig. 12A shows a temperature controlling jacket around the reaction vessel 

of Fig. 12; 

Fig. 12B shows a cross-sectional view of the jacket and vessel of Fig. 12A; 
Fig. 12C shows an alternative embodiment of reaction vessel having a 

temperature controlling jacket; 

Fig. 12D shows a cross-sectional view of the jacket and vessel of Fig. 12C; 

Fig. 13 shows a parent vessel; 

Fig. 14 is a simplified diagram of the electronic hardware for controlling the 

synthesizer; 

Fig. 15 shows a simplified diagram of the controller circuit; 

Fig. 16 shows the steps taken by the control computer to drain the reaction 

vessels of all liquids; 

Fig. 17 shows the steps taken by the control computer to clear the bottom 

manifold of material; 

Fig. 18 shows the steps taken by the control computer to agitate the contents 

of the parent vessels; 

Figs. 19A through 19D show the steps taken by the control computer to 
reallocate the bead suspension from the parent vessel to the reaction vessels; 
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Fig. 20 shows the steps taken by the control computer to fill the reaction 
vessels with reagents from the pressurized delivery system; 

Figs. 21A-21D schematically illustrate the steps taken by the control 
computer to fill the reaction vessels with reagents from the pressurized delivery system; 
5 Fig. 22 shows the steps taken by the control computer to introduce amino 

acid monomers into the reaction vessels; 

Figs. 23A-23C schematically illustrate the steps taken by the control 
computer to introduce amino acid monomers into the reaction vessels; 

Fig. 24 shows the steps taken by the control computer to transfer the bead 
10 suspension from the reaction vessels to the parent vessel for mixing; 

Fig. 25 schematically illustrates the data flow among the major modules of 
the control software; 

Fig. 26 schematically illustrates the command interpreter structure; 

Fig. 27 schematically illustrates the scheme used to access valve data; and 
15 Fig. 28 schematically illustrates the scheme used to access sensor data. 

Fig. 29 shows a device for synthesizing combinatorial chemical libraries on 
microscopic beads. The device is composed of a vacuum manifold or magnetic plate 
attached to a solid substrate having a synthesis surface having an array of reaction sites at 
which compounds can be synthesized. The partition block is composed of an array of 
20 reaction wells corresponding to said reaction sites and is used to partition library members 
after each mixing step. The device can also be used to aid the synthesis of tagged 
chemical libraries. 

Fig. 30 illustrates the use of l3 C NMR to monitor the stability of 
thiazolidinones. Panel C shows the l3 C NMR spectrum of support bound thiazolidinone 
25 which has been doubly labeled with a 13 C atom at the position 2 of the ring and at the 
position alpha to the carbonyl of the linker (labeled positions are indicated with a M * M ). 
Panel B shows the 13 C NMR spectrum of support-bound doubly labeled thiazolidinone after 
treatment with 95% TFA for 1 hour. Panel A shows 13 C NMR spectrum of support bound 
doubly labeled thiazolidinone after 40 cycles of DNA synthesis. 
30 Fig. 31 further illustrates the use of l3 C NMR to monitor the stability of 

thiazolidinones. Panel C shows the 13 C NMR spectrum of support-bound thiazolidinone 
which has been doubly labeled with a ,3 C atom at the position 2 of the ring and at the 
position alpha to the carbonyl of the linker (labeled positions are indicated with a ,, * M ). 
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Pm e, B shows the "C NMR spec™ - «* — 7°"*™^' 

,0 minute photolysis in PBS buffer. Pane, A shows "C NMR spectrum of support bound 
doubly labeled thiazolidinone after 3 bours of photolysis in PBS buffer. 

Fig 32 shows an HPLC traee for the reaetion mixture produced by 
subjeoting a support-bound tni^o.idinone to 40 cye.es of DNA synthesis and 3 hour 

photolysis in PBS buffer. 

Fig 33 illustrates a graphic user interface ("GUI") as .mplemented on the 

control computer. As shown, the GUI includes a rectangular window 1301 wrth a 
workspace 1303. At the top of the window is a menu bar 1305 with user command 
choices 1306-1313. Each of these command choices include additional submenus for 
controlling the operations of the synthesize, A user can program the synthes-zer by 
selecting the appropriate command choice with the mouse. 

p ig 34 depicts the GUI, showing the submenu options in the Macro menu. 

Fig 35 depicts the dialog box for running a macro. 

Fig 36 depicts the GUI, showing the submenu options in the Groups menu. 
Fig. 37 depicts the GUI, showing the submenu options in the Vanables 

Fig. 38 depicts the GUI, showing the submenu options in the Diagnostics 



menu. 



menu. 



20 



25 



Fig. 39 depicts the valve diagnostic screen. 
Fig 40 depicts the sensor diagnostic screen. 

Fig 41 depicts the GUI, showing the submenu options in the File menu. 

Figs 42-44 show the dialog boxes involved in setting up a synthesis, 
allowing the user to select the reaction vessels to be used in the synthesis (Fig. 42), select 
the start, loop and end macros (Fig. 43) and enter the amino acid symbol and 
oligonucleotide code for each reaction vessel (Fig. 44). 

• Fig. 45 depicts the GUI, showing the submenu options in the Synthesis 



menu. 



Fig. 46 depicts the status display during a synthesis or macro execution. 
3Q F ig 47 depicts the User Abort dialog box. 

Fig 48 depicts the GUI, showing the submenu options in the Edit menu. 
Fig. 49 schematically illustrates the data flow among the major modules of 
the control software in a Windows™ environment. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The present invention relates generally to improved methods for generating 
and screening tagged chemical libraries. The present invention also relates to a device 
useful in synthesizing collections of diverse molecules, such as the described tagged 
5 chemical libraries. 

To appreciate the value of the improved methods, one must understand not 
only the basic methodology for making and using tagged libraries but also how the various 
steps of synthesis and screening interact and how the selection of reagents impacts the 
results achieved. Tagged chemical libraries are often synthesized on a solid support, and 
10 the choice of support and linker is critical to success. A linker can be used to attach the 
support to the tag, to attach the support to a library molecule, or, in an embodiment where 
there is no solid support, to attach the tag to a library molecule. The choices relating to 
chemical building blocks, tags, and synthesis methods can be equally critical and are also 
impacted by the nature of the solid supports and linkers available. The assays and 
15 applications for which the tagged libraries are intended also impact these choices, as well 
as the instrumentation and reagents available. 

Although the apparatus and methods of the present invention are illustrated 
primarily with regard to the synthesis of oligonucleotides and peptides, the invention is not 
so limited. The invention will find application in the synthesis of materials such as 
20 polysaccharides, phospholipids, polyurethanes, benzodiazapines, prostaglandins, and beta 
turn mimetics, and other materials. Cyclic materials may be formed as disclosed in U.S. 
Patent No. 5,242,974 (Holmes), incorporated herein by reference. 

The use and synthesis of diverse materials such as oligonucleotides and 
peptides is disclosed in further detail in the following copending applications, which are 
25 incorporated herein by reference for all purposes: U.S. Application Serial No. 

07/876,792, filed on April 29, 1992; U.S. Application Serial No. 07/762,522, filed on 
September 18, 1991; and U.S. Application Serial No. 07/946,239, filed on September 16, 
1992. 

The description of the invention is provided indicated by the followirr 

30 outline: 



OUTLINE 

I. Overview of a Synthesis of a Tagged Chemical Library 
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II. The Solid Support 

A. Types 

B. Linkers 

C. Molecular Supports 

5 III. The Chemical Building Blocks 

A. Oligomers and Monomers 

B. Other Building Blocks 

IV. The Tag 
V Synthesis Methods 
10 A Oligonucleotide Tagged Peptide Libraries 

B. ' improved Method for Synthesizing Oligonucleotide- 

Tagged Peptide Libraries 

C. Small Molecule Synthesis 

D. Methods for Generating Soluble Libraries 

15 VI Assay Methods 

A . Screening Assays for Bead-based Libraries 

B . Screening Soluble Molecules 

C. Screening Natural Product Libraries 
VII Instrumentation and Reagents 

20 VHI-Apparatus for Parallel Coupling Synthesis Reactions 
Examples 
End of Oudine 
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Complementary or substantially complementary : These terms refer to the 
ability of one compound to bind to another, e.g., as a ligand binds to its complementary 
receptor. Typically, these terms are used in connection with a description of base pairing 
between nucleotides of nucleic acids, such as, for instance, between the two strands of a 
5 double stranded DNA molecule or between an oligonucleotide primer and a primer binding 
site on a single stranded nucleic acid to be sequenced or amplified. "Complementary" 
nucleotides are, generally, A and T (or A and U), and C and G, but there are a wide 
variety of synthetic or modified nucleotides with binding properties known to those of skill 
in the art. "Substantial complementarity" exists when an RNA or DNA strand will 

10 hybridize under selective hybridization conditions to a complementary nucleic acid. 

Typically, hybridization will occur when there is at least about 55% complementarity over 
a stretch of at least 14 to 25 nucleotides, but more selective hybridization will occur as 
complementarity increases to 65%, 75%, 90%, and 100%. See Kanehisa, 1984, Nucl. 
Acids Res . 12:203, incorporated herein by reference. Highly selective hybridization 

15 conditions are known as "stringent hybridization conditions", defined below. 

Epitope : This term is used to describe a portion of an antigen molecule 
delineated by the area of interaction with the subclass of receptors known as antibodies. 

Identifier ta^ : In the most general sense, this term is used to denote a 
physical attribute that provides a means whereby one can identify a chemical reaction, such 

20 as a monomer addition reaction an individual solid support has experienced in the synthesis 
of an oligomer on that solid support. The identifier tag serves to record a step in a series 
of reactions used in the synthesis of a chemical library. The identifier tag may have any 
recognizable feature, including for example: a microscopically or otherwise distinguishable 
shape, size, mass, color, optical density, etc.; a differential absorbance or emission of 

25 light; chemically reactivity; magnetic or electronic properties; or any other distinctive 
mark capable of encoding the required information, and decipherable at the level of one 
(or a few) molecules. A preferred example of such an identifier tag is an oligonucleotide, 
because the nucleotide sequence of an oligonucleotide is a robust form of encoded 
information. An "identifier tag" can be coupled directly to the oligomer synthesized, 

30 whether or not a solid support is used in the synthesis. In this latter embodiment, the 
identifier tag can conceptually be viewed as also serving as the "support" for oligomer 
synthesis. 



PCTAJS94/12347 

WO 95/12608 

16 

UsaM . This term is used to denote a moleeule that is recognized by, 

ofter structural or compostuonal feature ^ ^ 

of oinding or otherwise n— with the reeepter. ^ » ^ „ 

- — — • r^:::r: :i — — . - 

ir^err^r-^fcreeu— 

factors, drugs (e.g., opiates, steroids, etc.), aad •«"-»■ molecules 
Monomer: This tern is used to denote any member of set « 

acids, or synthetic anrnno adds. As usea ner , 

« se, for synthesis of an oUgomer. For eaampie. ^°^ mmxMB 
se, of 400 -monomers- for synthesis of po,ypepudes. ~ _ 

IT It synthesizing an oiigomer or a smat, organic mofecufe or sonre other 

These terms are used ,0 denote mo.ecu.es dun are 
25 fo , m ad hy a process — L — or ^dc - J^^^ 

omega-amino acids, heteropo.ymers, po.yurethanes, po.yesters, » 

" ^'Thts term is used ,0 denote an o.tgomer in which the tnonomers 
„ afpha amino acids joined together through amide honds. A "peptide- can a-so be 



WO 95/12608 PCTAJS94/12347 

17 

referred to as a "polypeptide." In the context of this invention, one should appreciate that 
the amino acids may be the L-optical isomer or the D-optical isomer. Peptides are more 
than two amino acid monomers long, but more often are more than 5 to 10 amino acid 
monomers long and can be even longer than 20 amino acids, although peptides longer than 
5 20 amino acids are more likely to be called "polypeptides. " Standard single letter 
* abbreviations for amino acids are used (e.g., P for proline). These abbreviations are 

included in Stryer, Biochemistry . Third Ed. (1988), which is incorporated herein by 
reference. 

Oligonucleotides : This term is used to denote a single-stranded DNA or 
10 RNA molecule, typically prepared by synthetic means. Oligonucleotides employed in the 
present invention will usually be 50 to 150 nucleotides in length, preferably from 80 to 
120 nucleotides, although oligonucleotides of different length may be appropriate in some 
circumstances. For instance, an oligonucleotide tag can be built nucleotide-by-nucleotide 
in coordination with the monomer-by-monomer addition steps used to synthesize the 
15 oligomer. In addition, very short, i.e., 2 to 10 nucleotides, oligonucleotides may be used 
to extend an existing oligonucleotide tag to identify a monomer coupling step. Suitable 
oligonucleotides may be prepared by the phosphoramidite method described by Beaucage 
and Carruthers, 1981, Tetr. Lett. 22: 1859-1862, or by the triester method, according to 
Matteucci et al .. 1981, J. Am. Chem . Soc. Ifi3:3185, both incorporated herein by 
20 reference, or by other methods such as by using commercial automated oligonucleotide 
synthesizers. 

Operably linked : This terms refers to a functional relationship between one 
segment of a nucleic acid and another. For instance, a promoter (or enhancer) is 
"operably linked" to a coding sequence if the promoter causes or otherwise positively 

25 influences the transcription of the coding sequence. Generally, operably linked means that 
the nucleic acid segments or sequences being linked are contiguous and, where necessary 
to join two protein coding regions, contiguous and in reading frame. 

Parallel Coupling : This phrase refers to the simultaneous Coupling of two 
building block compounds to separate distinct points on a substrate. Such a substrate may 

30 be a solid support having distinct groups to which these building blocks are attached, or 
may constitute another chemical compound possessing two distinct groups where each 
building block independently attaches. Simultaneous coupling refers to the coupling of two 
compounds to such distinct points prior to the addition of a new building block compound 
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complementary strands, presence of organic solvents, and extent of base mismatching), the 
combination of factors is more important than the absolute measure of any one factor 
alone. 

Synthetic : A compound is "synthetic" when produced by in vitro chemical 
5 or enzymatic synthesis. The synthetic libraries of the present invention may be contrasted 
with those in viral or plasmid vectors, for instance, which may be propagated in bacterial, 
yeast, or other living hosts. 

I. Overview of the Synthesis of a Tagged Chemical Library 

10 

The present invention relates generally to methods for synthesizing and 
screening tagged chemical libraries. In essence, each "book" of a chemical library of the 
invention consists of a chemical or molecule of interest, a tag identifying the chemical or 
molecule of interest or some important aspect thereof, and a linkage between the chemical 

15 or molecule of interest and the tag. In one important embodiment, the chemical or 
molecule of interest is an oligomer such as a peptide, the tag is an oligomer such as a 
nucleic acid, and the linkage is a solid support or particles, from which oligomers and tags 
may optionally be cleaved, e.g., to facilitate detection or to provide a soluble library. 
Such libraries can be screened to isolate individual oligomers that bind to a receptor or 

20 possess some other desired property. A general method for producing a tagged chemical 
library is illustrated by the production of a large, highly diverse collection of oligomers, in 
which each different library member is an oligomer with a unique monomer sequence 
relative to other library members (although the library will typically comprise duplicate 
"books"). Such a library or collection may contain, for example, all combinations of X 

25 different monomers in a set of monomers assembled into length n oligomers yielding, X n 
different compounds. The collection may also contain oligomers having different 
monomer units at, for example, only one or a small number of positions, while having an 
identical sequence at all other positions. 

A general method for synthesizing such collections of oligomers typically 

30 involves a random combinatorial ("stochastic") approach and the chemical and/or 
enzymatic assembly of monomer units. One process comprises the steps of: (a) 
apportioning a plurality of solid supports among a plurality of reaction vessels; (b) 
coupling to the supports in each reaction vessel a first monomer and a first tag using 
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different first monomer and tag combinations in each different reaction vessel; (c) pooling 
the supports; (d) apportioning the supports among a plurality of reaction vessels; (e) 
coupling to the first monomer a second monomer and coupling to either the solid support 
or to the first tag a second tag using different second monomer and second tag 
combinations in each different reaction vessel; and optionally repeating the coupling and 
apportioning steps with different tags and different monomers one to twenty or more times. 
Typically, substantially equal numbers of solid supports will be apportioned to each 
reaction vessel. Those of skill in the art recognize that the same chemical building block 
can be employed in different coupling steps and that the same chemical building block can 
be employed in more than one coupling reaction (reaction vessel) of a single coupling step. 

To visualize the method more readily, one might first consider the stochastic 
synthesis of an untagged library of all oligomers three residues in length, assembled from a 
monomer set of three different monomers: A, B, and C. Three aliquots of beads are 
apportioned among three reaction vessels, and monomer A is coupled to the beads in the 
first reaction vessel, B is coupled in the second, and C in the third. The beads from all 
the reaction vessels are then pooled. The pool contains approximately equal numbers of 
three different types of beads, with each type characterized by the monomer coupled to the 
bead. The pool is mixed and redistributed to the separate monomer reaction vessels, each 
containing A, B, or C as the next monomer to be coupled. 

Following this coupling reaction, each reaction vessel now has beads with 
all three different monomers in position one and the monomer contained in each particular 
second reaction vessel in position 2. All beads are pooled again, producing a mixture of 
beads each bearing one of the nine possible dimers. The pool is again distributed among 
the three reaction vessels and coupled to the three different monomers, producing the 
complete set of all trimers of the three monomers (3 3 = 27). As can be readily 
appreciated, the use of a sufficiently large number of synthesis beads helps to ensure that 
the set completely represents the various combinations of monomers employed in this 
random, stochastic, combinatorial synthesis scheme. 

Modifications of this completely random approach are also possible. For 
example, the monomer set may be expanded or contracted from step to step; or the 
monomer set could be changed completely for the next step (e.g., amino acids in one step, 
nucleosides in another step, carbohydrates in another step), if the coupling chemistry were 
available. A monomer unit for peptide synthesis, for example, may include single amino 
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acids or larger peptide units, or both. One variation is to form several pools of various 
sequences on solid supports to be distributed among different monomer sets at certain steps 
of the synthesis. By this approach, one can also build oligomers of different lengths with 
either related or unrelated sequences, and one can fix certain monomer residues at some 
5 positions while varying the other residues, to construct oligomer frameworks wherein 
certain residues or regions are altered to provide diversity. 

The synthesis of a tagged chemical library often involves such combinatorial 
synthesis steps. Because the identifier tag can be easily decoded to report the identity of 
each oligomer, however, tagged chemical libraries can be significantly larger and more 

10 complex than untagged libraries. In fact, the present methods for synthesizing encoded 
synthetic libraries of compounds makes possible the screening of large collections of 
non-sequenceable compounds produced by multi-step synthesis. 

In particular, the use of oligonucleotide tags and oligonucleotide encryption 
provides a powerful mechanism for recording the structural identity of every member of 

15 vast library of tethered compounds, especially peptides, generated through a combinatorial 
synthesis. The methods are broadly applicable to encoding the combinatorial assembly of 
other non-peptidic structures, providing the parallel synthetic schemes remain orthogonal 
and compatible. The net outcome of a combinatorial synthesis is unambiguously defined 
only for a sequence of reactions that each proceed in very high yield to afford single 

20 products. This situation is approximated with standard peptide and DNA synthesis 

chemistries, and the resulting product structures are explicitly specified by the order of the 
building blocks and/or coupling reactions used in the synthesis. 

However most synthetic organic reactions are more idiosyncratic, giving 
variable yields and frequently multiple products (such as regio- and stereoisomeric 

25 structures). Using such chemistry to synthesize combinatorial libraries on solid supports 
yields a mixture of products on each bead in the library. In the most general case, the 
encryption of a synthesis may not uniquely specify the chemical structure of an associated 
entity. Rather, the encryption process may more accurately be viewed to encode the exact 
synthetic protocol (e.g., reagents, reaction conditions, etc.) by which a member of the 

30 library was constructed. The library is screened to identify "active recipes" that then can 
be reproduced on a preparative scale and fractionated (if necessary) to isolate the bioactive 
component(s). The encoded library technologies have considerable potential to expand the 
scope of combinatorial chemistry and its applications to drug discovery and the 
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development and isolation of a wide variety of useful compounds. With this overview of 
the synthesis of tagged molecular libraries, one can better appreciate important aspects of 
the invention, such as the use and choice of solid supports in library synthests. 



5 II. The Solid Support 
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A. Types 

Typically, the tagged chemical libraries of the invention are composed of a 
collection of "solid supports", such as beads or particles. Such solid supports may be of 
any shape, although they will preferably be roughly spherical. The supports need not 
necessarily be homogenous in size, shape, or composition; although the supports usually 
and preferably will be uniform. In some embodiments, supports that are very uniform m 
size may be particularly preferred. In another embodiment, however, two or more 
distinctly different populations of solid supports may be used for certain purposes, i.e., the 
solid supports may be composed of a single particle, or two or more linked particles. 

Solid supports may consist of many materials, limited primarily by capacity 
for derivatization to attach any of a number of chemically reactive groups and 
compatibility with the chemistry of oligomer or other molecular synthesis and tag 
attachment. Suitable support materials include glass, latex, heavily cross-lmked 
polystyrene or similar polymers, gold or other colloidal metal particles, and other matenals 
known to those skilled in the art. Except as otherwise noted, the chemically reactive 
groups with which such solid supports may be derivatized are those commonly used for 
solid state synthesis of the respective molecule or oligomer and thus will be well known to 
those skilled in the art. The term "solid support" as used herein embraces a particle with 
appropriate sites for oligomer synthesis and, in some embodiments, tag attachment and/or 
synthesis. There are various solid supports useful in preparation of the synthetic oligomer 
libraries of the present invention. Solid supports are commonly used for solid phase 
synthesis of, for example, peptides and nucleic acids and other oligomers as enumerated 
above, and thus are well known to those skilled in the art. The solid supports of the 
present invention do not include living cells, viruses, or cloning vectors such as phage 
vectors or plasmids. Monobeads" (commercially available from Pharmacia Fine 
Chemicals AB, Uppsala Sweden) or their equivalent, are particularly useful as sohd 
supports for the various aspects of the present invention. Monobeads™ provide good stze 
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homogeneity and a small size, lO^tm. Further, these Monobeads™ do not clump in either 
organic or inorganic solvents, and provide a suitable support for both oligonucleotide and 
peptide synthesis. Finally, Monobeads™ provide very high loading of primary amines (100 
nmole/mg). 

One important aspect of the particular solid support chosen for practicing the 
invention is the size of the support. With enough solid supports and efficient coupling, 
one can generate complete sets of certain oligomers, if desired. In general, the solid 
support size is in the range of 1 nm to 100 ftm, but a more massive solid support of up to 
1 mm in size may sometimes be used. The appropriate size of the solid support depends 
on (1) the number of oligomer synthesis sites and identifier tag attachment sites desired; 
(2) the number of different compounds to be synthesized (and the number of solid supports 
bearing each oligomer that are needed for screening); and (3) the effect of the size of the 
solid supports on the specific screening strategies [e.g., fluorescence-activated cell sorters 
(FACS)] to be used. 

As a specific example, solid supports of 1 /im in diameter may be used in 
the method. If each reaction vessel contains approximately 0.2 mL of solid supports, and 
the oligomers are synthesized from a set of 50 monomers (50 parallel reactions), then a 
total of 10 mL of solid supports, or approximately 10 13 solid supports, would be required. 
If one wishes to make hexamers with these 50 monomers, then there are over 1.5 x 10 10 
possible sequences, and each specific sequence would be represented on about 10 3 solid 
supports. An estimated capacity of each bead, based on the capacity of commonly used 
peptide synthesizing resins, is about 0.1 pg of peptide per bead. By this estimation, then, 
each solid support would have about 100 amol or 10* oligomer chains. 

To improve washing efficiencies, one could employ nonporous beads or 
other solid supports less porous than typical peptide synthesis; however, for certain 
applications of the invention, quite porous beads or resins work well and are often 
preferable. Nonporous supports will have a lower density of growing chains, but even 
with a decrease in capacity of several orders of magnitude, sufficient oligomer densities 
can be produced for efficient screening. With the less porous supports, a greater 
proportion of the oligomers will be accessible for binding to the receptor during the 
screening process. Also, the less porous supports will reduce the carryover of tags from 
one reaction to the next, thus improving the accuracy of reading the dominant (correct) 
tags. 
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the tag directly to the linker that binds the oligomer (or other compound of interest) to the 
solid support. In this embodiment, the linker has, prior to attachment, a third functional 
group appropriate for the attachment of the identifier tag. 

One can of course incorporate a wide variety of linkers, depending upon the 
5 application and effect desired. For instance, one can select linkers that impart 

hydrophobicity, hydrophilicity, or steric bulk to achieve desired effects on properties such 
as coupling or binding efficiency. In one aspect of the invention, branched linkers, i.e., 
linkers with bulky side chains such as the linker Fmoc-Thr(tBu), are used to provide 
rigidity to or to control spacing of the molecules on a solid support in a library or between 

10 a molecule and tag in the library. 

As noted above, cleavable linkers can be employed to useful effect. 
Preferred photocleavable linkers of the invention include 6-nitroveratryloxycarbonyl 
(NVOC) and other NVOC related linker compounds (see PCT patent publication Nos. WO 
90/15070 and WO 92/10092; see also U.S. patent application Serial No. 971,181, filed 2 

15 Nov. 1992, incorporated herein by reference). In another embodiment, the linkers are 
nucleic acids with one or more restriction sites, so that one portion of a library member 
(either the tag, the oligomer or other compound of interest or both, or the solid support) 
can be selectively cleaved from another by the appropriate restriction enzyme. This novel 
nucleic acid linker illustrates the wide variety of linkers that may be employed to useful 

20 effect for purposes of the present invention. 

C. Molecular Supports 

As noted above, the invention can also be carried out in a mode in which 
there is no solid support, and the tag is attached directly (typically through a linker) to the 
25 oligomer or other molecule being synthesized. Alternatively, the oligomer or other 

molecule and its associated tag can be synthesized on a solid support and then cleaved or 
otherwise removed from the solid support prior to screening or other use. Such methods 
are described more fully below. Regardless of whether a solid support is present, the size 
and composition of the library will be determined by the number of coupling and mixing 
30 steps and the monomers or other building blocks used during the synthesis. 
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UI. The Chemical Building Blocks 

A Oligomers and Monomers 

The wide applicability of the present inventions is perhaps most readd, 
5 gmsped 0, consider the synthesis and screening of large notaries of diverse oUgomers 
and polymers. Oligomers are polymeric compounds composed of monomers, for 
biological polymers, Ore sequence of the monomers in an oligomer often specie* 
impon a„, biological properties. Prefer oligomers of interest indude pepude, 
ohTonudeorides, oligo MM *d~. and polycaxbamates. A, «- a^vej^ 
,0 parses of Ute present invention a monomer is any member of a se, of molecules ^ can 
be joined aether ,o form an oligomer or polymer, i.e., amino acids, carb« 
autoes, suboxides, nucleosides, carbohydrates, ureas, phosphonates, hp,ds, este^ 
Ibinabons of the same, and the Hhe. Thus, the monomers ma, be of an, tvpe *a, can 
be appropria,e>y actvated fo, chemical coupling or accepted for enzymahc couplmg. 
15 "' This method of assembling oligomers from many types of monomers 

quires using the appropriate coupling chemisn, for a given se, of monomer - o, 
building MOCK, Any se, of building blocks ma. can he auached ,o one an«h^ 
sB p-b,-s,ep fashion can serve as ,he monomer se, The ahachmen, ma, be med.a^by 
chemical, enaymauc, o, o,her means, or by a combination of an, of Urese means , ™ 
20 resumng oligomers can be Hnear, cyclic, branched, or assume various other cnnformauons 
as will be apparent to those skilled in the art. 

B Other Building Blocks 

The invention is described herein primarily with regard U» die prepaxatton of 
25 molecuies confining sequences of amino acids, bu, me InvenUon can readd, bea^M » 
,be preparanon of other oligomers and ,o an, se, of compounds dta, can 
a compo„en,-b,-componen, fashion, as can he apprecia,ed by ,hose sidHed ,n ft. ari. Fo, 
insm ,ce, compounds such as benzodiazepines, hydan.oins, and « 
be prepared using Ute present methods (see U.S. patent applicatton Senal No. ^119,700. 
30 f,.ed 9 Sep,. .993, which is a continuation-in-par, of Serial No^f 577 ftled 2 one 

1993, now abandoned, which is a continuation-in-pan of U.S. Pa,ent No. 5.339,115, each 
of which is incorporated herein by reference. 
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In one embodiment, the present method can be used to create libraries of 
branched polymers. While in many instances libraries of linear polymers, such as 
peptides, are quite useful, with more than 3-4 residues, the shape of these linear molecules 
becomes long and narrow. Most drugs do not have such an extended shape, perhaps due 
5 in part to the high degree of flexibility of the molecules. Branched backbone polymers can 
result in molecular shapes similar to known drugs. Thus, in one embodiment, the present 
invention relates to the incorporation of monomers with at least three functional groups to 
which other monomers can be attached. 

If one uses such monomers exclusively, however, then the fully branched 

10 synthesis will always result in a high ratio (relative to the other monomers used in the 
synthesis) of the last monomer coupled. One could of course incorporate mixtures of 
different branching monomers to alter this ratio, but then one might have more difficulty in 
identifying the structure of a compound of interest, i.e., the more complex the mixture of 
branched monomers, the less information the tag may provide about the particular 

15 compound synthesized. In an improved method of the invention, one incorporates a 
mixture of two monomers — one capable of branching and one not ~ at each monomer 
coupling step, producing a library comprising a great diversity of shapes with highly 
informative tags. In this case, the tag would specify the monomers present at each 
coupling step but not whether the monomer was capable of branching. However, a simple 

20 resynthesis using only those monomers contained in the selected set of compounds from 
the first library would readily identify the structure of those compounds. 

IV. The Tag 

25 The identifier tag has a recognizable feature that is, for example, 

microscopically or otherwise distinguishable in shape, size, mass, charge, or color. This 
recognizable feature may arise from the optical, chemical, electronic, or magnetic 
properties of the tag, or from some combination of such properties. In essence, the tag 
serves to label a molecule and to encode information decipherable at the level of one (or a 

30 few) molecules or solid supports. By using identifier tags to track the synthesis pathway 
that each member of a chemical library has taken, one can deduce the structure of any 
chemica^in the library (i.e., the sequence of monomers of any oligomer) by reading the 
identifier tag. 
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One can construct microscopically identifiable tags as small beads of 
recognizably different sizes, shapes, or colors, or labeled with bar codes. The tags can be 
••machine readable" luminescent or radioactive labels. The identifier tag can also be an 
encodable molecular structure. The information may be encode* in the size (the length of 
a polymer) or the composition of the molecule. Perhaps the best example of this latter 
type of tag is a nucleic acid sequence, i.e., RNA or DNA assembled from natural or 
modified bases. 

To illustrate the role played by the tag in the synthesis and screening of a 
chemical library, consider for example, the use of microscopically recognizable, 
alphanumeric tags that are attached to each bead in an oligomer synthesis. The tag »A1" 
means that a bead participated in the A-monomer reaction at step 1, »C2» means that a 
bead participated in the C-monomer reaction at step 2, and "B3« means B-monomer was 
added in step 3, and so on. At the end of a 3-step synthesis, one bead would have three 
tags attached, e.g., Al, C2, and B3, indicating that the sequence of the peptides on the 
15 bead is ACB. This scheme requires a number of distinct identifier tags equal to at most 
the product of the number of different monomers and the number of synthesis steps (nine 
in this example). The number of identifier tags is reduced if the symbols are attached to 
one another in the order of the steps: A, A-C, A-C-B, in which case only as many 
identifier tags are needed as monomers, and the identifier tag is assembled in a way that 
20 preserves the record of what monomer was added, and in which addition step. 

In another example, the tag is comprised of a variety of light-addressable 
molecules, such as fluorescent or phosphorescent compounds, the spectral properties of 
which can be changed (e.g., photobleaching) and therefore used to store information, 
which are used to mark each bead or other solid support in the library. In one such mode, 
25 a bead incorporates a variety of fluorophors, each of which can be selectively 

photobleached, and so rendered incapable of fluorescence or of diminished fluorescence. 
During each coupling or chemical reaction step, the bead is irradiated (or not) to 
photobleach (or not) one or more particular types of fluorophors, thus recording the 
monomer identity in the oligomer synthesized. See Science 255: 1213 (6 Mar. 1992), 

30 incorporated herein by reference. 

The identifier tags therefore identify each monomer coupling or other 
reaction step that an individual library member or solid support has experienced and record 
the step in the synthesis series in which each monomer was added or other chemical 
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reaction performed. The tags may be attached immediately before, during, or after the 
monomer addition or other reaction, as convenient and compatible with the type of 
identifier tag, modes of attachment, and chemistry of oligomer or other molecular 
synthesis. As noted above, the identifier tag can be associated with the oligomer through a 
5 variety of mechanisms, either directly, through a linking molecule, or through a solid 

support upon which the oligomer is synthesized. In the latter mode, one could also attach 
the tag to another solid support that, in turn, is bound to the solid support upon which the 
oligomer is synthesized. The identifier tag is added when the solid supports that have 
undergone a specific monomer addition or other chemical reaction step are physically 

10 together and so can be tagged as a group, i.e., prior to the next pooling step. 

In some cases, of course, when only a small number of monomer units of 
an oligomer are varied, one may need to identify only those monomers which vary among 
the oligomers, as when one wants to vary only a few amino acids in a peptide. For 
instance, one might want to change only 3 to 6 amino acids in peptides 6 to 12 amino 

15 acids long, or one might want to change as few as 5 amino acids in polypeptides up to 50 
amino acids long. One may uniquely identify the sequence of each peptide by providing 
for each solid support an identifier tag specifying only the amino acids varied in each 
sequence, as will be readily appreciated by those skilled in the art. In such cases, all solid 
supports may remain in the same reaction vessel for the addition of common monomer 

20 units and apportioned among different reaction vessels for the addition of distinguishing 
monomer units. 

Synthetic oligodeoxyribonucleotides are especially preferred 
information-bearing identifier tags. Oligonucleotides are a natural, high density 
information storage medium. The identity of monomer type and the step of addition or 

25 any other information relevant to a chemical synthesis procedure is easily encoded in a 
short oligonucleotide sequence. Oligonucleotides, in turn, are readily amenable for 
attachment to a wide variety of solid supports, oligomers, linkers, and other molecules. 

t 

For example, an oligonucleotide can readily be attached to a peptide synthesis bead. 

One outstanding advantage inherent in using an oligonucleotide-based coding 
30 scheme is the ability to achieve tremendous levels of target amplification through the 
polymerase chain reaction (PCR, see PCR Protocols: A Gui de to Methods and 
A pplications (Innis, M., Gelfand, D., Sninsky, J. and White, T., Academic Press, San 
Diego 1990); see also U.S. Patent Nos. 4,683,202 and 4,965,188, each of which is 
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incorporated herein by reference) and other nucleic acid replication and amplification 
techniques. Although the most commonly used in vitro. DNA amplification method is 
PCR suitable alternate amplification methods include, for example, nucleic acid 
sequence-based amplification (Compton, 1991, Mature 350:91-92, incorporated herein by 
reference) and amplified antisense RNA (Van Gelder suL. 1988, Pr0 r W . A***, Sc^ 
USA 85:7652-7656, incorporated herein by reference), and the self-sustained sequence 
replication system (3SR, see Guatelli eUH., 1990, Pmr iM Acad. Sci. USA S2: 
1874-1878 incorporated herein by reference). Only tiny quantities (with highly selective 
and efficient methods, even a single copy is sufficient) of DNA template is required for 
PCR, enabling one to use solid supports of microscopic dimensions and obtain larger 
libraries. 

The use of nucleic acid tags facilitates the construction and screening of 
synthetic libraries that far exceed the diversity accessible through other tethered library 
techniques. Moreover, these libraries employ manageable quantities of bead material and 
can therefore be assayed for receptor binding using practical volumes of biological 
reagents. One improved method of the invention relates to a limiting step in the 
processing of ESL libraries with oligonucleotide tags - the amplification, strand 
separation, and sequencing of tags from individual beads. The method increases 
sequencing efficiency by at least an order of magnitude, and relates to the incorporation of 
a tag concatamerization (concatenation) step, in which a number of different tags typically 
amplified from a selected set of library members are ligated together prior to either cloning 
or sequencing of the oligonucleotide tags. 

In one embodiment of the method, the amplified tags are concatenated and 
then cloned as linear arrays of 10 to 20 (or even more) tags in a conventional sequencing 
vector. Preferably, appropriate restriction sites are installed adjacent to the "coding 
regions" (sequences with information content) of the oligonucleotide tags; after amplifying 
the tags on a group of beads, the restriction sites are cut, and the fragments ligated to form 
concatamers. The concatamers are then cloned into an appropriate sequencing vector. 
Each template can then be used for bidirectional sequencing of a total of, for example, 500 
to 800 bases, allowing the identification of more than at least 10 tags per template. This 
approach will also provide the option of avoiding the isolation of individual beads with 
FACS. Beads or tagged compounds can be sorted into pools, the pool of tags amplified, 
concatenated, and cloned for sequencing. In addition, because the requirement to 
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manipulate individual beads is relieved, one can use beads smaller than 1 fim (typically, 
this size is too small for conventional FACS analysis) for library construction and 
screening. The selection can be conveniently accomplished by affinity purification 
methods (panning, magnetic beads, etc.) and the enriched pools of beads then amplified 
5 and cloned as above. 

Oligonucleotide identifier tags can be assembled base-by-base before, 
during, or after the corresponding monomer coupling (for oligomer synthesis) or other 
chemical reaction step. In one case of base-by-base synthesis of an oligonucleotide tag, 
the tag for each step is a single nucleotide, or at most a very few nucleotides (i.e., a block 

10 of 2 to 5 nucleotides). In the block-by-block approach, encoded sets of nucleotides 

("codons") of 2 to 5 to 10 or more bases are added as protected, activated blocks. Each 
block carries the monomer-type or other information, and the order of addition of one tag 
block to the next represents the order of the monomer addition or other reactions. 
Alternatively, the block may encode the oligomer synthesis or other reaction step number 

15 as well as the monomer-type or other building block information. This strategy preserves 
the order of the steps in the linear arrangement of the oligonucleotide chain grown in 
parallel with the oligomer. To preserve the chemical compatibility of the parallel synthetic 
steps (oligonucleotides and peptides, for example), one can modify the standard synthesis 
chemistries, an important aspect of the present invention discussed in further detail below. 

20 One can also attach protected (or unprotected) oligonucleotides containing 

amplification primer sites, monomer-specific information, and order-of-reaction 
information, from 50 to 150 bases (nucleotides) in length, at each step. At the end of a 
series of n oligomer synthesis (monomer coupling) or other chemical synthesis steps, there 
would be n differently encoded sets of oligonucleotide identifier tags associated with each 

25 oligomer sequence or other chemical in the library. After identifying the oligomers with 
ligand activity, the associated oligonucleotides could be amplified by PCR and sequenced 
to decode the identity of the oligomer or other compound. 

As discussed more fully below, the choice of bases used in an 
oligonucleotide identifier tag is dictated by the chemistry of oligomer synthesis or other 

30 chemical reaction conditions to which the tag will be exposed. For example, the use of 

strong acid can depurinate nucleic acids. Therefore, when chemistries requiring the use of 
strong acid are employed, the use of an oligonucleotide composed of only the pyrimidines 
C and T and a binary code can prove of value. In similar fashion, the lability of purine 
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nucleotides to strong acid may be overcome through the use of the purine nucleoside 
analogs, such as 7-deaza-2'-deoxyadenosine and 7-deaza-2'-deoxyguanosine (see Barr et 
al 1986, BjoTechniay^ 4:428-432, and Scheit, Nucleotide Analogs- Synthesis and 
n^mp^l Function pp. 64-65 (John Wiley and Sons, New York), both of which are 
incorporated herein by reference). Use of these or other analogs would permit the use of a 
quaternary or other, as opposed to a binary, encoding scheme. Thus, in a preferred 
embodiment, the identifier tag will be an oligonucleotide about 50 to 150 nucleoudes in 
length and composed of pyrimidines or pyrimidines and purine analogs or any type of 
nucleoside that will not degrade under the coupling conditions used to assemble the 
) oligomer library. The oligonucleotide identifier tag may contain a 5' and a 3' 

amplification site, and optionally a DNA sequencing primer site, which may be specific for 

each step of the oligomer synthesis. 

Encoding a combinatorial synthetic procedure with oligonucleotides provides 
a mechanism for addressing the major limitations of ambiguity and sensitivity encountered 
15 in the direct structural analysis of minute quantities of ligands isolated from large libraries. 
The high capacity of DNA for information storage can be exploited to archive the precise 
details of a library's construction. In Example 1 below, a "codon" structure of 2 
contiguous nucleotides comprising three bases (c 7 dA, dC, T), capable of encoding a 
synthesis incorporating up to 3' = 9 amino acid building blocks was used (only seven 
20 building blocks were used in the synthesis of this library). If c 7 dG was also included in 
the coding template, then a combinatorial synthesis employing 1000 different monomers 
could be accommodated by using a "codon" size of just 5 nucleotides (4 s = 1024). 

Information may be encoded in the length rather than, or in addition to, the 
sequence of the oligonucleotide, or for that matter any other polymeric or oligomeric, tag. 
25 If only length is utilized to represent each specific monomer addition to the oligomer, then 
the identity of the oligomer can be decoded by, for example, amplifying an oligonucleotide 
tag, as described above, and identifying the tags through any of a variety of size-separation 
techniques, including polyacrylamide gel or capillary gel electrophoresis. Each different 
monomer added at a given step in an oligomer synthesis or each different chemical 
30 reaction step is represented by an oligonucleotide tag of unique length. The 

oligonucleotide tag contains amplification sites, such as PCR priming sequences, the 
sequences of which are designed to be characteristic of the given step-number in the 
oligomer or other chemical synthesis. Determination of the oligomer composition at any 
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given position in the sequence then involves amplifying the tag using the PCR priming 
sequence characteristic for that step in the synthesis and size-separating the amplification 
products utilizing techniques well known in the art, such as gel or capillary electrophoresis 
(using the tagging oligonucleotides as standards) This embodiment is particularly useful 
5 when one desires to make a library of compounds related to a lead sequence. One need 
only tag during steps in which a site being analoged is synthesized. 

In addition to length, oligomer sequence information can also be encoded in 
the sequence of bases comprising the oligonucleotide tag. This type of encryption is of 
value not only in the embodiment in which one attaches a different oligonucleotide tag at 
10 each coupling step but also in the embodiment in which one extends a pre-existing 

oligonucleotide tag at each coupling step. For example, one may use oligonucleotides of 
up to about 100 bases (or somewhat longer), each having seven (or more) regions, as 
described below. 

Region 1 is a 3'-PCR primer site (20 to 25 bases). This site is used in 
15 conjunction with another PCR site (at the 5'-end of the oligonucleotide) to prime 
amplification by PCR. Other amplification methods may also be used. 

Region 2 is a "step-specific" DNA sequencing primer site (15-20 bases). 
This site is specific for the particular numbered step in the synthesis series. All the 
oligonucleotides added to all the beads at a particular step will have this sequence in 
20 common. Each numbered step will have a highly specific primer site representing that 
step. 

Region 3 is a spacer (20-30 bases). A spacer segment of variable length, 
but preferably 20 to 30 bases long, places the coding site sufficiently distant from the 
sequencing primer site to give a good "read" through the monomer encoding or 
25 identification region. 

Region 4 is a monomer identification region (8 bases). In this illustrative 
embodiment, each base in the 8-bit string represents one bit of binary code, where, for 
example, T = 0 and C = 1. Each set of step-specific identifier tags consists of 8 bases 
with a 1 (C) or a O (T) at each of the 8 positions. These may be thought of as switches 
30 set to "on" or "off" at the different positions. Each monomer type is encoded by a 
mixture of 1 to 8 of these "switches." 

Region 5 is a step number confirmation region (4 bases plus 2 bases on 
either side for region distinction). Four bits in this short stretch encode the step number. 
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separately from the other tags by appropriate choice of primer sequences. The sequencing 
reactions are performed and run on a standard sequencing gel, and the oligomer sequence 
is deduced from the code revealed in the resulting sequence information. 

An alternative strategy is to use common PCR primers and common 
5 sequencing primers (the sequencing primer may even overlap completely or partially with 
• a PCR primer site) and identify the step by hybridization to oligonucleotide probes that are 

complementary to each step-specific sequence in the oligonucleotides from the bead. A 
single set of sequencing reactions is performed on all of the amplified oligonucleotides 
from a single bead, and the reaction products are run in a single set of lanes on a gel. The 

10 reaction products are then transferred to a suitable hybridization membrane and hybridized 
to a single step-specific probe (see Maniatis et aL , Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY (1982), which is incorporated herein by reference). After detection of 
the resulting signal, the probe is washed from the membrane and another step-specific 
probe is hybridized. One could also use the procedure described in EPO publication No. 

15 237,362 and PCT publication No. 89/11548, each of which is incorporated herein by 
reference. 

Parallel hybridization provides an alternative to sequential hybridization. 
The sequencing reactions are divided into a number of aliquots equal to the number of 
peptide synthesis steps and run in a separate set of lanes for each on the sequencing gel. 
20 After transfer of the reaction products to a suitable membrane, the membrane is cut to 
separate the sets of lanes. Each lane set is then hybridized to one of a plurality of 
step-specific oligonucleotide probes (see "Uniplex DNA sequencing" and "Multiplex DNA 
sequencing," in Plex Luminescent Kits Product Catalog . Bedford, MA, 1990, incorporated 
herein by reference). 

25 As noted above, a single synthesis solid support (or an attached bead bearing 

a tag, or in solution in a "well") may only comprise a few hundred copies of each 
oligonucleotide tag. These tags may be amplified, e.g., by PCR or other means well 
known to those skilled in the art, to provide sufficient DNA to be sequenced accurately. 
\ The ability to decode the oligomers depends on the number of available oligonucleotide 

30 identifier tags, the level of amplification that can be achieved from the available tags, and 
the accuracy of sequencing that amplified DNA. 

If PCR amplification of an oligonucleotide identifier tag is employed, one 
may encounter "PCR product contamination," caused by the product of one PCR reaction 
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contaminating a subsequent PGR reaction mixture designed to amplify other tags having 
« PGR primer binding sites. One may prevent this problem by introducmg 
into the product sequences and treating subsequent reactions so as to destroy potenual 
contamination carried over from previous reaction, A specific example of this strategy 
for which commercial kits are sold by PECI and Life Technologies, is to introduce dllMP 
into the product. Treating each new PGR reaction with uracil-N-glycosidase degrades any 
dU-containing DNA present, preventing amplification of the contaminant. The template 
DNA, which contains no dU (only dT) is not affected. Of course, the glycosidase is 
removed or inactivated before amplification is begun. 

Some of the tags described above for peptide synthesis have the unusual 
characteristic of containing only pyrimidines. This means that the uracil glycosidase 
strategy (Perkin Elmer Cetus Instruments (PECI) Catalog, Alameda (1991), incorporated 
herein by reference) will wo* on only half of the strands produced- those containing T s 
(or U's) One cannot introduce dUMP into the complementary, purine-only strand; 
however, the purine strand is highly vulnerable to acid deputation and alkaline-mediated 
scission of the backbone. The combination of these treatments can greatly reduce 
problems with product contamination. Another approach to preventing carryover 
contamination involves incorporation of a restriction site (Earl could be used for 
polypyrimidine tags) into the oligonucleotide tag and digestion with the correspond 
restriction enzyme prior to amplification of a reaction suspected of being contaminated 
with the tag. This method only works if the tag to be amplified will not be cleaved by the 
enzyme, as would generally be the case for a single stranded oligonucleotide tag. 

For sequencing amplified DNA, one usually desires to generate smgle 
stranded template, This generation may be accomplished by any of several means. One 
such means is asymmetric PGR, where an excess of one of the primers is used to amphfy 
one strand to a level 10 to 100-fold higher than the other (see, for example, U.S. Patent 
No 5 066,584, incorporated herein by reference). Another means of providing a smgle 
stranded template is to by biotinylate one of the primers and purify or remove the resultmg 
strand by adsorption to immobilized streptavidin (PWcMmmunotechnology C ataloged 
, Handbook . 1991, incorporated herein by reference). Yet another means involves 
generation of RNA transcripts (representing only one of the strands) from an RNA 
polymerase promoter and sequencing the transcripts with reverse transcriptase (Sommer et 
ai„ Chapter 25, In ECJB ^ A r ™« p to Mpthof1s and W™^' ^ 
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incorporated herein by reference). If the tags are composed of only pyrimidine 
nucleotides, then all purine strands can be eliminated by acid/base treatment, leaving the 
pyrimidine strand for sequencing. 

The use of separate sequencing primers for each step-specific 
5 oligonucleotide requires a separate, conventional sequencing reaction for each step-specific 
primer. Using primers that are differentially labeled would allow the identifier tags from a 
single solid support to be sequenced in a single reaction and run in a single lane set (2 
lanes if only polypyrimidines are used; 4 lanes if 4 different bases are used) on a gel. 
There are now commercially available primers labeled with distinguishable fluorophores 

10 that are suitable for this purpose (ABI Catalog, incorporated herein by reference). Sets of 
chemiluminescent labels now distributed commercially may also be used (Bronstein et al .. 
BioTechniques 8: 310-314 (1990), incorporated herein by reference). 

The amplified product can be easily sequenced or otherwise identified to 
decode the identity of the peptide or other molecule on the bead or otherwise attached to 

15 the oligonucleotide tag. For this purpose, one can use any of a variety of sequencing 

methods, including sequencing by sequence-specific probe hybridization. DNA sequencing 
enzymes which may be employed in the present invention include Tag DNA polymerase, 
E. coli DNA polymerase I (or the Klenow fragment), T7 polymerase, Sequenase™ and 
Sequenase II™ (Modified T7 DNA polymerases), Bst DNA polymerase, and reverse 

20 transcriptase (from AMV, MMLV, RSV, etc., see USB Enzvmes for DNA Sequencing . 
U.S. Biochemical Corp, 1991, Cleveland OH, incorporated herein by reference). The 
sequence of an oligonucleotide tag may also be identified by a high fidelity DNA 
hybridization technique. To this end, very large scale immobilized polymer synthesis with 
oligonucleotides may be useful (see PCT patent publication Nos. 92/10587 and 92/10588, 

25 each of which is incorporated herein by reference). 

The choice of tag, whether the tag is an oligonucleotide or some other 
molecular structure, depends upon the nature of the molecules of which the library is 
composed and the method by which those molecules are to be synthesized, as discussed in 
the following section. 

30 Where synthesis chemistries involve the use of reagents and reaction 

conditions incompatible with the above described oligonucleotide tags, it may be desirable 
to utilize an alternate tagging method. Thus, the methods for synthesizing a tagged 
molecular library of the present invention also envision utilizing chemically inert 
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hydrocarbon tagging mo.ecu.es which are discre,e,y reso,vab.e by a varieiy of meihods, 
such as chromatographic methods. 

The use of such inert hydrocarbon tags in molecular libraries has been 
described. See, Michael H. J. Ohlmeyer, et al., JZzUMl^M^ S* 10922-26 
5 (December 1993), and published PCT Application No. WO 94/08051, both references 
incorporated herein by reference for all purposes. 

The tags described utilize a binary coding scheme like that descnbed herem. 
Specifically, a binary code is assigned to each chemical building block, i.e., an amino 
acid to be added in the synthesis. The length of the code may be dependent upon the total 
10 number of building blocks to be added. For example, where only seven total building 
blocks are to be added, a three bit binary code may be used. This allows for seven 
separate specific codes, 001 through 111, each one being assigned to one of the seven 
building blocks, e.g., lysine=001. Where the number of building blocks is greater, a 
larger code can be utilized, e.g., an eight bit binary code, as described herem. 
15 ~ A number of tags are prepared, each having a different resolution or 

separation pattern from the others using chromatographic methods. If a particular tag is 
present, it will represent a "1" in each position of the final tag code for a given 
synthesized molecule. Thus, where a molecule has four building blocks and is coded m a 
three bit coding system, there are 12 potential code digits, each building block having 
20 three bits. For each step in the synthesis, the solid support upon which the molecule is to 
be synthesized is tagged so as to indicate not only the building block added, but also the 
step at which it was added. For example, the presence of tag no. 1 or «T1« indicates that 
there is a » 1 " in the first position of the binary tag code for the building block added at the 
first step. Similarly, the presence of T7 indicates that there is a -1- in the seventh 
25 position of the overall code, which, in a three digit code, would also correspond to the 

first position of the third added building block. Thus, the building block assigned the code 
1 1 1 if added at position one, would be encoded by the presence of tags Tl , T2 and T3. 
Alternatively, if added in step 2, the same building block would be encoded by the 
presence of tags T4, T5 and T6. 
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The specific hydrocarbon tags described by Ohlmeyer have the following 
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where n is from 1 to 10. The varying length of the hydrocarbon chain and the varied 
halogenated group allow physical separation or resolution of the tags by chromatographic 
methods, specifically, electron capture gas chromatography. 

Detection of these hydrocarbon tags is, however, limited by the sensitivity 
of the detection method. Thus, to ensure detection of the tags, larger amounts of tag must 
be used. This requires larger sized beads, thus reducing the size of the overall library 
which can be synthesized, and increased reaction times to ensure maximum coupling of the 
tags to the solid support. Finally, where larger molecules are screened, more hydrocarbon 
lags are added to the solid support. The incorporation of large amounts of hydrocarbons 
on a solid support, e.g., for large synthetic compounds having numerous tags, will likely 
have adverse effects on continued synthesis and/or screening of the compound on the solid 
support due to steric, hydrophobic or ionic interactions. 

The problems of detectability, tagging time, and screening or synthesis 
interference associated with these hydrocarbon tags may be circumvented utilizing the 
methods of the present invention. Specifically, the present invention, in one embodiment, 
provides a method of tagging using hydrocarbon tags wherein such tags have a "molecular 
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hook," instead of a detectable electrophore as described in Ohlmeyer, et al.. This 
"molecular hook" is defined herein as a functional group on the tag which allows for the 
attachment of an amplifiable, detectable group, thus permitting detection of smaller 
amounts of tag on the solid support. The hook will generally comprise a stable functional 

5 group or molecule which will either form a covalent linkage with the amplifiable, 

detectable group, or will have a high affinity for a portion of that group. Examples of 
such hooks include, e.g., biotin, to which a streptavidin linked amplifiable, detectable 
group may be bound or one complement of a high association peptide. Such high 
association peptides generally comprise a complementary pair of peptides each having a 

10 high affinity for the other. Thus, one complement denotes one peptide of such a pair. 
High association peptides are generally described in U.S. Application Serial No. 
08/321,933, filed October 12, 1994, which is a continuation-in-part of U.S. Application 
No. 08/067,387, filed May 24, 1993, each of which is incorporated herein by reference 
for all purposes. Alternatively, the hook may comprise a protected activatable group, 

15 which may be activated to covalently attach the amplifiable, detectable group to the tag. 
Photoprotected activated groups are particularly useful in this application. Activated 
groups are generally well known in the art, and include such groups as carboxyl, 
hydroxyl, amino, thiol and the like. These groups may be protected using photolabile 
protecting groups such as those described in published PCT Application No. WO 

20 93/22680, incorporated herein by reference for all purposes. The resulting group is 
photoactivatable. 

In addition to the above, the molecular hooks may comprise multifunctional 
groups. For example, the molecular hook may comprise two or more different functional 
groups capable of being coupled to two separate entities. This may be the case where for 

25 example, it is desirable to recouple the tag to another solid support for detection purposes, 
e.g., a reaction well in a microliter plate. The first functional group may be used to 
selectively bind a complementary group on the solid support. Once coupled, the second 
functional group may be used for selective coupling of the amplifiable detectable group. 
Such hooks may generally comprise combinations of the functional groups described 

30 herein, or other groups which are capable of being selectively bound to another such 

group. As an example, such a hook might comprise both biotin and digoxin, orthogonally 
linked to the hydrocarbon tag. Once separated, these tags may be contacted with a solid 
support, e.g., a microtiter well, which is coated with a group capable of binding to one of 



WO 95/12608 PCTAJS94/12347 

41 

the functional groups on the tag, e.g., an anti-digoxin antibody, and allowed to bind 
thereto. After repeated washing steps, the solid support is contacted with the 
oligonucleotide coupled to a group capable of binding to the second functional group, e.g., 
streptavidin linked oligonucleotide as described previously. The bound oligonucleotide is 
5 then detected as previously described. The synthesis of the hydrocarbon tags of the 

present invention may be carried out by methods well known in the art. See, e.g., March, 
Advanced Organic Chemistry (John Wiley & Sons, 3rd Ed., 1985), Larock, 
Comprehensive Organic Transformations (VCH Publishers, 1989). 

Because the inert hydrocarbon tags of the present invention provide for more 
10 sensitive detection of the hydrocarbon tags, the amount of a particular tag on a solid 
support may be reduced without affecting its detectability. Further, by reducing the 
amount of tag on the solid support, time required for the coupling of the tag to the support 
may be reduced. 

Tags useful in the present invention will generally comprise a variable 
15 hydrocarbon region and a molecular hook. More preferably, such tags will comprise a 
cleavable linker attaching the tag to the solid support, a molecular hook as described, and 
a varied length hydrocarbon chain connecting the molecular hook to the linker. Different 
tags will have a different length hydrocarbon chain, or a different molecular hook, so as to 
allow for their physical separation and detection. 
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Tags having the following general structure are preferred: 

wh ere n is fro. 1 to 10, or .ore, X is a cleavable linker and R is a ^ hook. 

Preferred molecular hooks comprise, e.g., biotin, a high association pepude, and 

activatable groups, such as a photoactivatable group, or a combinauon thereof, 
acuvatable g ^ ^ ^ ^ ^ fa ^ ^ MOB 

include, for example, the photo— Unkers described in U S. Appli^n ^ 
08/265 090 filed June 23, 1994, and incorporated heretn by reference for all purposes. 
BZllf such photocleavable linkers include those havmg the following structures: 




WO 95/12608 PCTAJS94/12347 

43 

Following synthesis and tagging, the tags are removed from the solid 
support, e.g., by photolysis of the linker. The tags are then separated from each other 
using a method which preserves the separation pattern of the tags, e.g., HPLC with 
fraction collection, or other chromatographic methods, such as gel or capillary 
5 electrophoresis. Because the tags are generally present in amounts undetectable by normal 
means, e.g., absorbance, etc., they must be separated in a manner which allows 
subsequent detection and correlation to their separation pattern. As an example, the tags 
cleaved from a solid support, are separated on an HPLC column and collected in a fraction 
collector. When the tags are eventually detected, as described in further detail below, the 

10 fractions which indicate the presence of a tag are correlated against the known elution 
profile, or separation pattern, for all of the tags used in the tagging/synthesis. 

The separated tags are then immobilized according to their separation 
pattern. Such immobilization may take the form of spotting individual fractions, blotting 
for gel based separations, or immobilization within reaction wells, i.e. on a microtiter 

15 plate. 

Once immobilized, the tags may be "hooked" to an amplifiable, detectable 
group. Amplifiable/detectable groups generally include a compound or structure which is 
capable of being amplified, or produces a signal which is capable of being amplified. 
Compounds capable of exponential amplification are preferred. A particularly useful 

20 amplifiable, detectable group is an oligonucleotide sequence. Hooking of the amplifiable, 
detectable group may take a variety of forms. For example, where the hook comprises a 
biotin group, the oligonucleotide may be coupled to streptavidin which will tightly bind the 
biotin. Alternatively, the streptavidin may be added in an intermediate step followed by 
addition of biotinylated oligonucleotide. In alternative embodiments, the tag may comprise 

25 a complement of a high association peptide. In this case, the oligonucleotide is linked to 
the other complement to that peptide so that the oligonucleotide may tightly bind to the 
tag. In yet another embodiment, where the tag comprises an activated group protected by 
a photolabile protecting group such as those described in published PCT Application No. 
WO 93/22680, previously incorporated by reference, this group may be activated, i.e., by 
. 30 photolysis of the photolabile group, allowing the oligonucleotide to then be coupled to the 
tag by methods well known in the art. Where this is the case, it may be desireable to 
select a photolabile protecting group having different photolysis characteristics from a the 
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photocleavable linker, if one is being used. This will allow selective cleavage of the tag 
from the solid support without activation of the molecular hook. 

Once hooked to the tag, the oligonucleotide sequence may be amplified 
using the PCR techniques described herein. Where the immobilization is in a blotting 
format, the amplification must be carried out so as to preserve the local concentration and 
avoid diffusion of the amplified oligonucleotide, thus allowing its detection and correlate 
to the separation pattern. This may be accomplished by performing the amplification 
reaction in, for example, a gel overlay of the blot. 

Detection of the hooked oligonucleotide, and thus the tag, may be carried 
out by incorporating a label into the amplified oligonucleotide or by probing for the 
amplified oligonucleotide sequence where such sequence is known. Detection of a tag is 
correlated to the known separation pattern for the tags. A tag so identified is then 
incorporated in the overall tag code for the synthesized molecule. For example purposes 
only, if following HPLC separation, hooking, amplification and probing, fraction #17 
indicates the presence of a tag, this is correlated to the tag which is known to separate into 
fraction #17. If, for example, this is tag # 5, then a "1" may be assigned to position # 5 
of the overall binary code for the molecule synthesized on the particular support. The 
coding schemes described herein are for example purposes, and those of skill in the art 
will recognize that a variety of coding schemes may be applied to the methods of the 
present invention. 

Those of skill in the art will also recognize that there is no requirement that 
the code reporting the sequence of a synthesized molecule be contained in a single 
polymeric sequence of individual tags. Instead, the code may be embodied by the 
presence or absence of individual different tags on the solid support. While these tags may 
potentially be coupled sequentially to each other, those of skill will recognize the benefit of 
having each different tag individually attached to the solid support. Specifically, only a 
single coupling chemistry would be required for any and all tagging steps. Further, 
complex protocols of protectingXdeprotecting reactions for tags having different reactive 
groups may be avoided. 
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V. Synthesis Methods 

The method of the present invention can be applied to any set of synthetic 
chemical reactions performed in a sequence to generate diverse compounds. While the 
5 invention is typically illustrated using chemical building blocks, more typically monomer 
building blocks, the general nature of the invention should be appreciated. The majority of 
synthetic chemical reactions proceed quite differently than the typical monomer coupling 
reaction; the typical organic chemical reaction gives variable yields and leads to multiple 
products, such as regio- and stereoisomeric structures. The present invention can be used 

10 to identify useful products of such series of chemical reactions, because one can practice 
the methods so that the tag encodes the protocol for synthesizing the compound instead of 
explicitly specifying the structure of the reaction product. 

To simplify discussion, however, the invention is most readily viewed as a 
series of monomer coupling steps. Because the various coupling reactions of the present 

15 method can be carried out in separate reaction vessels at separate times, even building 
blocks, such as monomers, with very different coupling chemistries can be used to 
assemble the compounds of interest in a library. While the invention can be practiced by 
exposing solid supports to a building block and an identifier tag at the same time, or 
sequentially (either building block and then tag or tag and then building block), the 

20 sequential approach allows one additional flexibility with respect to coupling chemistries. 
In any event, the preferred arrangement for conducting coupling reactions is one in which 
the diverse coupling reactions are carried out in parallel. 

After each parallel series of coupling steps is performed, the solid supports 
on which the oligomers or other compounds of the library are synthesized are pooled and 

25 mixed prior to re-allocation to the individual vessels for the next coupling step. This 

shuffling process produces a large library of compounds with each distinct member of the 
library on a distinct solid support. If each synthesis step has high coupling efficiency, then 
substantially all the compounds on a single solid support have the same structure or, if the 
compounds are oligomers, monomer sequence. That structure or sequence is determined 

30 by the synthesis pathway (type and sequence of monomer or other building block coupling 
reactions) for any given solid support at the end of the synthesis. The maximum length of 
oligomers is typically less than about 20, usually from 3 to 15 monomers in length, but in 
some cases a length of 8 to 12 monomers (residues) is preferred. 
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Given the diverse numbers of tags and building blocks suitable for use with 
me present invention, there are a number of chemical methods by which one can prepare 
chemical libraries of the invention. However, one must ensure that each coupling step, 
whether of tag or oligomer, does not produce unacceptable levels of unwanted reactions or 
destroy tags or oligomers already present on the support. In one embodiment, one ensures 
that only desired reactions occur by using solid supports with chemically reactive groups 
for tag and oligomer attachment that are protected using two different or "orthogonal 
types of protecting groups. The solid supports are exposed to a first deprotection agent or 
activator, removing the first type of protecting group from, for example, the chemically 
reactive groups that serve as oligomer synthesis sites. After reaction with a first 
monomer, and after any optional blocking steps, the solid supports are then exposed to . 
second activator that removes the second type of protecting group, exposing, for example, 
the chemically reactive groups that serve as identifier tag attachment sites. The tag .. then 
coupled, and these steps are repeated, typically from one to about 20 times. 
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A Oligonucleotide Tagged Peptide Libraries 

In one important embodiment, the present invention relates to the synthesis 
of large libraries of diverse peptides. While many other compounds and oligomers can be 
made by the method (see Gait, O1i r onnrleotide. Synth r^- A Practical A pproach , IRL 
Press Oxford (1984); Friesen and Danishefsky, 1989, J. Amer. Chem. Soc. 111:6656; 
and Paulsen, 1986, Ange*, Chem. tot- Ed. Engl. 2*212, all of which are incorporated 
herein by reference), techniques for solid state synthesis of peptides are particularly 
important and well known (see Merrifield, 1963, J. Am- Chem- &£• 85_:2149-2154, 
incorporated herein by reference), and peptide libraries are highly useful for a variety of 
25 purposes In the Merrifield method, an amino acid is covalently bonded to a support made 
of an insoluble polymer. Another amino acid with an alpha-amino protecting group is 
reacted with the covalently bonded amino acid to form a dipeptide. The protective group 
is removed, and a third amino acid with an alpha protective group is added to the 
dipeptide. This process is continued until a peptide of a desired length and sequence is 
obtained. Protective groups known to those skilled in the art may be used to prevent 
spurious coupling (see The Peptides, Vols. 1 & 3 (eds. Gross, E., and J. Meinhofer, 
Academic Press, Orlando (1979 & 1981), which is incorporated herein by reference) or to 
allow one to control coupling. Photolabile, base-labile, and acid-labile protecting groups, 
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and combinations of the same can all be employed for various purposes of the present 
invention. 

Additionally, both L and D forms of amino acids may be employed in 
peptide synthesis methods described herein. Employing D-amino acids may be useful in 
5 the synthesis of M retro-in verso peptides," as described in U.S. Application Serial 
No.08/309,451, filed September 21, 1994, incorporated herein by reference for all 
purposes. Such retro-inverso peptides will comprise the same amino acid sequence, but 
having reversed stereochemistry from a peptide which is synthesized using L-amino acids. 

When the present invention is used to make and screen peptide libraries, the 

10 tag of choice is a nucleic acid. There are a variety of compatible chemistries for peptide 
synthesis and round by round attachment of oligonucleotide identifier tags. However, to 
maintain the integrity of an oligonucleotide tag during peptide synthesis, one may need to 
use different combinations of protecting groups and/or synthetic nucleotides to avoid 
degradation of the tag or the oligomer synthesized. In general, polypyrimidine 

15 oligonucleotide tags are relatively stable under typical peptide synthesis conditions, as 
opposed to oligonucleotide tags that contain natural purine nucleotides, but a 
polypyrimidine nucleotide tag may be somewhat refractory to amplification by PGR. One 
may need to incorporate purine bases, or analogs such as 7-deaza-deoxyadenosine, and 
7-deaza-deoxyguanosine, tested for ability to withstand peptide coupling (and deprotection) 

20 conditions, into the tag to achieve a desired efficiency of amplification. For purposes of 
the present invention, the tag optionally may contain from 10 to 90%, more preferably 35 
to 50%, and most preferably 33 to 35%, purine or purine analog nucleotides. The 
oligonucleotide tags may optionally incorporate a biotin or other reporter group to facilitate 
purification, hybridization, amplification, or detection (see Pierce ImmunoTechnology 

25 Catalog and Handbook . 1991, incorporated herein by reference). 

Thus, in selecting the chemistries used to create an oligonucleotide-tagged 
peptide library of the invention, one must (1) select a solid support with appropriate 
functional groups; (2) select the amino acid coupling chemistry; (3) select the 
oligonucleotide tag coupling chemistry; (4) select the protecting groups for the various 

30 tags, monomers, and oligomers; and (5) select the deprotection and, in some embodiments, 
cleavage chemistry (for either the tag or peptide). Those of skill in the art recognize that 
not all of the above selections need be made in every case, as some applications may not 
present the same issues as others. For instance, one or more protecting groups may not be 
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r c m the general case, however, each of these selections is 
required for all applications. In the general ca 
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(2) Coupling an Fmoc protected amino acid to the free amino group on the 
bead or peptide can be achieved using standard BOP coupling chemistry (see The 
Peptides . supra) . Typically, a mixture of an Fmoc protected amino acid (1 10 mM), 
HBTU (100 mM), HOBt (100 mM), and DIEA (300 mM) in a solution composed of 1:1 
5 DMF/DCM is employed to effect amino acid coupling. Other activation chemistries may 
also be applied in this instance, for example substitution of HBTU/HOBt with HATU. In 
one embodiment of the invention, however, the reaction mixture is composed of 55 mM 
Fmoc-protected amino acid, 50 mM HBTU, and 150 mM DIEA in a solution composed of 
3:1 DMF/DCM; this embodiment is preferred for use with instruments where reagent 

10 delivery bottles may be limited. The side chains may be protected as well; Fmoc/'Bu 
protection is preferred for most purposes, due to the commercial availability of building 
blocks. Other useful amino acid building blocks with side chain protection included 
Arg(Pmc), Gln(Trt), His(Trt), Asn(Trt), Asp(O t Bu), Glu^'Bu), and LysOBoc) and amino 
acids with side chain protecting provided by photolabile protecting groups. 

15 (3) Optional capping of unreacted free amino groups can be achieved by 

treatment with acetic anhydride and 1-methyl imidazole or by other methods known in the 
art. 

(4) Removal of the DMT protecting group from the hydroxyl group on the 
bead or tag to which the nucleotide tag is to be attached can be achieved by treatment with 

20 trichloroacetic acid (TCA), i.e., 1% TCA in CH 2 C1 2 . If one uses acid-labile protecting 
groups on phosphates and exocyclic amines of the nucleotides (i.e., deoxycytidine, 
7-deaza-deoxyadenosine, and 7-deaza-deoxyguanosine), then those groups should be 
sufficiently robust to resist the TCA (typically 1-3%) used in 5'-0-detritylation. 

(5) Coupling a nucleotide phosphoramidite with a 5'-DMT protecting group 
25 can be achieved using standard phosphoramidite chemistry, although one must take into 

consideration the need for protecting. groups on the phosphate oxygen as well as on the 
exocyclic amines of the bases of the oligonucleotide tags. For photolabile protecting 
groups for nucleic acids, see PCT patent publication WO 92/10092 and Baldwin et al . T 
1990, Tetr . Lett . 46: 6879-6884, each of which is incorporated herein by reference. As 
30 noted above, suitable phosphate protecting groups include the O-methyl and 

beta-cyanoethyl groups, but O-allyl and/or N-allyloxycarbonyl groups (i.e., by 
incorporating 3-(allyl N,N'-diisopropyl) phosphoramidites) can also be used to protect 
phosphate oxygens and the exocyclic amines of the nucleoside bases, respectively (see 
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Hayakawa £LaL, 1990, 1. »■ **• 1* >«"-'•«• ^ 

refLnce). AUyUc protecting groups can be removed using THF conrammg tins 
(dibenaylideneacetone) dipalladium-cMoroform complex, triphenylphosphme, and 
n-butylamine/formic acid, followed by a THF wash, an aqueous sodium 
5 N N-diethyldithiocatbamate wash, and a warer wash. Phosphoramidire couphng ,s 
mediated with agems such as IH-etiaaole; 4-nirrophenyl rerraaole; pyridimum 
bydrochloride/imidazo.e. The Utter phosphoramidire activator leads to selective 
1 o-phosphttylation a. me expense of .ow !evels of spurious reaction at mti-ogen on e 
peptide - oligonndeotide (see Gtyaznov and linger, 1992, Hu£lei£ ACISU Eesgarch 2fi. 
10 1879-1882, incorporated herein by reference). 

<6, Optional capping of any unreal free hydroxy! groups can he achieved 
by treatment with acetic anhydride and 1-methy. remzole or by rrcattnen. wim acetic 

anhvdride/lutidine/DMAP. 

(7) Oxidation of the phosphorous of the oligonucleotide tag can be achieved 
15 by treatment with iodine and pyridine or by treatment with I 2 , colliding MeCN » H 2 G. 

Alternatively, by employing the mild oxidant *uOOH for oxidation a t *ep^ 
one can minimize oxidation of the amino acids methionine, tryptophan, and hrsudme (see 
Hayaxawa cL*. 1990, Mr. I**. 27:4191-4194, incorporated herein by reference)^ 

(8) Deprotection of the peptide and oligonucleotide tag can be effected by 
20 sequential treatment with 1% TCA in dichloromethane, then with thiophenol/NEt 3 /dioxane 

(1-2-2) then with ethylenediamine/EtOH (1:1) at 55 degrees C, to remove the protectmg 
groups'from the tag, and then trifluoroacetic acid (95:5 TFA/water, with cation 
scavengers) is used to remove acid-labile amino acid protecting groups. The labmty of 
purine nucleotides to strong acid (e.g., TFA) can be avoided by use of phosphor— 
o 5 of the purine nucleoside analogs 7-deaza-r-deoxyadenosine and 7-deaza-2'-deoxyguanosme 
(see Barr eyd- , 1986, BioT^chnio^ 4:428-432, and Scheit, NadeQUdeAita^ 
§:ffil!ie§i ^ ! ^^ pp. 64-65 (John Wiley and Sons, New York), both 

incorporated herein by reference). 

The next section illustrates one preferred embodiment for synthes.zmg 

30 oligonucleotide-tagged peptide libraries. 
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B. Improved Method for Synthesizing Oligonucleotide-Tagged Peptide Libraries 

Establishing a practical bead-based oligonucleotide-encoded peptide library 
methodology demands that several key technical criteria be met. These include (i) the 
development of mutually compatible chemistries for parallel assembly of peptides and 
5 oligonucleotides; (ii) the selection of bead material with appropriate physical 

characteristics; (iii) the facile isolation of small beads bearing ligands that bind a target 
receptor; and (iv) successful reading of the tags from a single bead, i.e., by PCR 
amplification and sequencing of template tag DNA from single beads. The present 
invention provides an improved method for synthesizing such libraries, as illustrated in this 
10 section and Example 1, which show how to use single stranded oligonucleotide tags to 
encode a combinatorial peptide synthesis on 10 /xm diameter polystyrene beads. 

In this improved method, peptides and nucleotides are assembled in parallel, 
alternating syntheses so that each bead bears many copies of both a single peptide sequence 
and a unique oligonucleotide identifier tag. The oligonucleotides share common 5*- and 

15 3'-PCR priming sites; the beads can therefore serve as templates for the PCR. To 

illustrate the method, an encoded synthetic library of some 8.2 x 10 5 hepta-peptides was 
generated and screened for binding to an anti-dynorphin B monoclonal antibody D32.39 
(Cull eLal., 1992, Proc. Nad. Acad. Sri. USA 89:1865-1869, incorporated herein by 
reference), using a fluorescence activated cell sorting (FACS) instrument to select 

20 individual beads that strongly bind the antibody. After PCR amplification of the 

oligonucleotide tags on sorted beads, the DNA was sequenced to determine the identity of 
the peptide ligands, as is described more fully below. 

One important aspect of this method, which is described in additional detail 
in Example 1, below, is the solid support selected for synthesis of the peptide and tag. 

25 Solid supports, i.e., 10 /tm diameter beads, fashioned from a macroporous 

styrene-divinylbenzene copolymer and-derivatized with a dodecylamine linker are 
preferred. The amino group loading of these beads was estimated to be — 100 ptmol/g by 
exhaustive acylation with Fmoc-glycine, followed by piperidine cleavage of the Fmoc 
group and spectrophoto metric quantitation of the released piperidine-dibenzofulvene adduct 

30 (^02 = 7,800 1 mol 1 cm 1 ). With 5 x 10 9 beads/g, this corresponds to a maximum peptide 
loading of ~ 20 f mole/bead. Acylation of the beads with a mixture of an appropriately 
protected amino acid and an omega hydroxy acid provide orthogonally differentiated amino 
and hydroxyl groups from which the peptide and nucleotide chains respectively can be 
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„ A The avenge stoichiometry of peptide to oligonucleotide per bead is controlled 
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jMM^IH 2--deoxynueleos.de SHO-methyi-N.N-d^ropy.) 
ohosphoramidites were used in all parallel syntheses. The reagent 

ho^" in the DNA syntitesis protocol was no, found ,o adversely a«*r ettber tbe 
readily oxidized residues Trp and Me, or any of the other protected atntno aetd ■ 
Cere removal of ,be 5-O-DMT group front the growing oligonudeoude cbatn was 
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achieved in — 40 sec using 1 % trichloroacetic acid (TCA) in dichloromethane, while all 
of the acid-labile side chain protecting groups used conventionally in Fmoc/ l Bu chemistry, 
excepting the *Bu ether derivative of tyrosine, were inert to treatment with 1 % TCA for 1 
hour. Fmoc-Tyr(O-Bz) proved a suitable replacement in the synthesis of 
5 tyrosine-containing peptides, the O-benzoyl ester being robust towards both TCA and the 
piperidine used for removal of the alpha-N-Fmoc protecting group in peptide synthesis. 
Quantitative deprotection of the alpha-amino residues required 5-10 minute treatment with 
piperidine/DMF (10% v/v) and also resulted in partial demethylation of the protected 
polynucleotide phosphotriesters (t 1/2 ~ 45 min). Control experiments indicated that any 
10 aberrant phosphitylation of the resulting phosphodiester species during subsequent 

nucleotide chain elongation was reversed by the final oligonucleotide deprotection steps 
(see Lehmann et al .. 1989, Nucl . Acids Res . 17: 2379-2390, incorporated herein by 
reference). At the completion of the parallel synthesis, the DNA was fully deprotected by 
treatment with thiophenolate (phosphate O-demethylation) then ethanolic ethylenediamine 
15 (debenzoylation of protected cytidine and 7-deaza-adenine residues). These mild, 

anhydrous aminolysis conditions did not adversely affect protected peptide sequences (see 
Juby et_al., 1991, Tetr. Lett. 3: 879-882, incorporated herein by reference), which were 
deblocked using TFA under standard conditions. 

The carboxy-terminal region of opioid peptide dynorphin B 
20 ( YG GFLRRQFK V VT) (SEQ ID NO:l) has been previously shown to represent the epitope 
of anti-dynorphin B mAb D32.39 (see Cull etaL, supra) : the soluble hepta-peptide 
RQFKVVT (SEQ ID NO:2) binds D32.39 with high affinity (K* ~ 1 nM). A parallel 
synthesis of this peptide and a 69 base oligodeoxynucleotide was performed on 
orthogonally differentiated beads bearing an acid-cleavable Fmoc-protected carboxamide 
25 (Knorr) linker. After addition of the first 20 nucleotides, the beads were treated with 
piperidirie/DMF and the first peptide residue (Fmoc-ThrCBu)-OH) coupled to the free 
amines. The beads were then subjected to two cycles of phosphoramidite chemistry and 
coupling of the next amino acid (Fmoc-Val-OH). This process was repeated until the 
heptapeptide sequence and nucleotide coding region had been fully elaborated, and then the 
30 DNA was extended by a further 35 nucleotides to provide a spacer region and 5'-priming 
site for the PCR. The beads were finally exposed to full oligonucleotide and then peptide 
deprotection conditions, and the TFA supernatant containing the cleaved peptide was 
analyzed by reverse-phase HPLC. The HPLC results showed that the crude peptide from 



PCT/US94/12347 

WO 95/12608 

54 

ci^ of a sinele major component (co-eluting with authentic 
the parallel synthesis consists of a single m j v significant ly different from 

ROFKVVT (SEQ ID NO:2)) and that this crude product is not sigmri y 

in a control peptide synthesis in which no oligonucleotide chemistry 

- ^ The stability to parallel synthesis chemistries of template containing T, 
' Ar dc^dA was compared with an analogous target containing the standard purine 
dC and c dA was comp<n^ r; Apstar Plus cvtometer, 

nU e,eodde dA. Using to singie bead Coning capabd..y of . FAOWP « y 
MM depro.eo.ed beads from to «wo syotoses were somd 

0 ampUfreadon produet of to exited » oligomcle odde was 

'-•-trie:::— 

15 M1 acbed t „ ,0 beads waa non^cd by a con— syntosis using seven ammo 

4 O D^T-orrybutyrate residues ware to, eoupied .o ali 0,0 beads .0 provto to 
::Z„ difflndared am.no and bydroayi groups for dd S ayato^ » ~ 

Every amino acid addidon was eneoded by burldmg a cbtuaemnsd 

*. dre seven* eyeie of pepdde coupUng ^^^Z to, eacb 

Zc s^basdcaliy dis.nbu.e0 among every posidon of me degenera,e bepm-pepude 
TdTU to.Vva.ioe and D-vaito are no. disdnguitod in to Hdman degradadon 

" — " Th e bind,ng of mAb D33.3, » con.0, beads and to to -d ^ ^ 

,™ Reads carrying the positive control sequence RQFKVVT 
30 ^r^TmerXZdoe JL. sdongiy s,ai„ed by to andbody 
13 diant Lads were — . By condas,. oniy a - 
libraI y bound D32.39. Analysis of 10 s events undented - 2% of to hbrary 
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background levels. Significantly, this binding to D32.39 was specific for the combining 
site as it could be completely blocked by preincubating the mAb with soluble RQFKVVT 
peptide (SEQ ID NO:2). Individual beads from the library having fluorescence intensities 
comparable with the positive control beads were sorted into microfuge tubes for tag 
5 amplification by PCR (beads with fluorescence in the top 0.17% of the population were 
collected). The amplification reactions contained dUTP and uracil DNA glycosidase to 
prevent carryover contamination with soluble product from previous amplifications (see 
Longo et aL . 1990, Gene 23i 125-128, incorporated herein by reference). Nucleotide 
sequences were obtained from 12 sorted beads and the deduced peptide sequences are 
10 given in Table 1. Representative peptide sequences obtained from single beads having 
fluorescence which was not significantly above background are also tabulated for 
comparison. 



Table 1 

High Fluorescence Intensity Beads 



Sequence 




Kd, nM 


(SEQ ID NO:3) 


TFRQFKVT 


0.29 


(SEQ ID NO:4) 


TTRRFRVT 


4.3 


(SEQ ID NO:5) 


TVRQFKTT 


8.8 


(SEQ ID NO:6) 


QvRQFKTT 


16 


(SEQ ID NO:7) 


RQFRTVQT 


76 


(SEQ ID NO: 8) 


KQFKVTKT 


340 


(SEQ ID NO:9) 


QQFKVVQT 


370 


(SEQ ID NO: 10) 


KQFKVTQT 


410 


(SEQ ID NO: 11) 


TQFKVTKT 


560 


(SEQ ID NO: 12) 


TFRvFRVT 


1400 


(SEQ ID NO: 13) 


. FRRQFRVT 


not tested 


(SEQ ID NO: 14) 


RQFKQVQT 


not tested 



Kd. mM 
>1 
>0.4 
not tested 
not tested 
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t r>w Fjuorgscgnce intensity B eads 

Seq uence 
(SEQ ID NO: 15) QTvTvKKT 
(SEQ ID NO: 16) QQVQRQTT 
5 (SEQ ID NO: 17) KTQvVQFT 
(SEQ ID NO: 18) QvTQvRVT 
(SEQ ID NO: 19) FVVTVRVT 

The data in Table 1 is consistent with earlier studies demonstrating that the 
10 preferred recognition sequence of D32.39 is localized to the six amino acid fragment 
RQFKVV of dynorphin B (see Cull Ul, SffiS)- The positively charged residues 
arginine and lysine are strongly preferred in the first and fourth positions of the epitope 
and phenylalanine appears exclusively as the third residue of this motif. At the second 
position glutamine is the favored residue in this library, while the aliphatic b-branched 
15 amino acids valine (L-enantiomer only) and threonine are clearly preferred as the fifth and 
six residues. D-Valine appears to be best tolerated at positions outside of the consensus 
motif. The range of affinities of peptides that were selected ( K, - 0.3 - 1400 nM) was 
not unexpected given the design of the binding assay: bivalent primary antibody with 
lab eled second antibody detection. Manipulation of the binding valency (for example by 
20 using directly labeled monovalent receptor) and the stringency of wash conditions will 
improve the capacity to isolate only the highest affinity ligands. 



25 



30 



C Small Molecule Synthesis 

Although primarily described in terms of the synthesis of peptide or other 
,arge polymer libraries, as noted previously, the various aspects of the present invennon 
are equally applicable to other chemical syntheses. Specifically, the apparatus and 
methods of the present invention may be used to carry out a variety of chemical synthesis 
steps in many synthetic protocols, including, for example, the synthesis of small 
molecules. The apparatus may be employed in a chemical synthesis scheme to selectively 
add reagents in conformance with the synthesis protocol for the particular molecule. 

Further, different synthesis protocols may be carried out in parallel, as with 
the peptide synthesis described above, where different reagents are added at different steps 
to yield a diverse library of small molecules on solid supports. These diverse hbranes 
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may be screened for desired properties by the methods described herein. Additionally, 
where such a diverse library of small molecules is desired, the library may be tagged so as 
to encode the synthesis steps which were involved in the synthesis of each discrete member 
of the library of molecules. 
5 Examples of the synthesis of such small molecules on solid supports include, 

for example, thiazolidinones, metathiazolidinones, and derivatives thereof, as described in 
Example 2, included herein, and U.S. Patent Application No. 08/265,090, filed June 23, 
1994, and incorporated herein by reference for all purposes. 



10 D. Methods for Generating Soluble Libraries 

For some applications, one may desire a "bead-free" or "soluble" library of 
molecules. Soluble molecules, both tagged and untagged, can be useful for a variety of 
purposes, including assaying the activity of a compound (see Section VLB, below) and 
amplifying a tag. There are a variety of ways one to generate soluble molecular libraries, 

15 both tagged and untagged, and to solubilize compounds, both tagged and untagged, 
synthesized on a solid support. Typically, cleavable linkers are employed in such 
methods. 

For instance, and as noted above in Section II.B, cleavable linkers can be 
used to cleave tagged or untagged molecules from a bead or other solid support, thus 

20 solubilizing the molecule of interest. To produce a soluble tagged molecule, the cleavable 
linker will be attached to the bead or other solid support and have at least two functional 
groups: one for synthesizing the molecule of interest and the other for synthesizing the 
tag. Thus, the molecule and tag are synthesized attached to a common linker, which, in 
turn, is bound to the solid support. Once the molecule and tag are synthesized, the linker 

25 is cleaved to provide a soluble tagged molecule. 

A; single, planar solid support can be used to synthesize the library, and the 
members can be cleaved from the support prior to screening using very large scale 
immobilized polymer synthesis (VLSIPS™) technology. See U.S. Patent No. 5,143,854 
and PCT patent publication No. 92/10092, each of which is incorporated herein by 

30 reference. In one embodiment, an array of oligonucleotides is synthesized on the 

VLSIPS™ chip, and each oligonucleotide is linked to the chip by a cleavable linker, such 
as a disulfide (see U.S. patent application Serial No. 874,849, filed April 24, 1992, 
incorporated herein by reference). The oligonucleotide tag has a free functional group, 



PCT/DS94/12347 

WO 95/12608 

olrgomer and prefer., a pep .de. Theug n^ * ^ fo[ ampUncalio „, 

rrzcc^^- - - ■ - r omque,v 

rapro ved method prides a means whereby the compounds are 

support prior . the mixing steps b», are reaped ,0 the sohd support pno, to each 

^ "* ,„ mis method, the tagged — is immobilized on a sohd support in a 
„ . nn „ tn release ^ tagged molecule from the support during 

provided by an ultrafiltration membrane (for suttabte membranes, see, e.g.. tbe 
«L Compattbrhry Charf in the catafogue, ~* 

Jo!ld beZ™ rhrough the membrane b y vacuum sucuon. Tbe vacuum wou,d be 
released .0 allow .be molecules to be mixed durin 8 the ntitting steps. 

,„ another embodiment of tbe method, a reversible covaien, hnha 8 e rs used 
30 ,0 attach the ta.ged molecu.es .0 the support during the coupUng steps. ^ 
suto ble reversible chemical linkages inciude (1) a smfoeaer hnkage provrded by, e.g. 
h ot L Igged-molecule and a N-hydroxysuccinimidyl support, which Unkage can be 
It! " dre KKrOH concentration, and ffl a disulf.de linkage provided by, e.g., a 
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thiolated tagged-molecule and a 2-pyridyl disulfide support (e.g., thiolsepharose from 
Sigma), which linkage can be controlled by the DTT (dithiothreitol) concentration. 

VI. Assay Methods 

5 

The utility of large combinatorial libraries for ligand discovery depends 
critically on the availability of robust and affinity-sensitive biochemical assay 
methodologies. The present invention provides a number of novel assays for use with 
encoded synthetic molecular libraries, which in turn have a wide variety applications. By 

10 way of example, such libraries can be used in assays to identify ligands that bind 
receptors, such as peptides and nucleic acids that bind to proteins, drugs that bind 
therapeutic target receptors, and epitopes (both natural and synthetic) recognized by 
antibodies, as well as to identify a variety of compounds with pharmaceutical, agricultural, 
and medical diagnostic applications. Given these diverse applications, there are a wide 

15 variety of assay methods relevant to the present invention. Two important types of assays, 
albeit with some overlap, include bead-based assays and assays of soluble molecules. 

In general, however, such assays typically involve the following steps. 
The libraries are screened by assays in each different molecule in the library is assayed for 
ability to bind to a receptor of interest. The receptor is contacted with the library of 

20 synthetic molecules, forming a bound member between the receptor and any molecule in 
the library able to bind the receptor under the assay conditions. The bound molecule is 
then identified by examination of the tag associated with that molecule. In one 
embodiment, the receptor to which the library is exposed under binding conditions is a 
mixture of receptors, each of which is associated with an identifier tag specifying the 

25 receptor type, and consequently two tags are examined after the binding assay. 

A. Screening Assays for Bead-based Libraries 

When specific beads are isolated in a receptor screening, the beads can be 
segregated individually by a number of means, including infinite dilution, 
30 micromanipulation, or preferably, flow cytometry. Libraries of tethered ligands are most 
effectively evaluated in binding assays with soluble labeled receptors. By adopting 
cell-sized solid supports or beads, one can use flow cytometry for high sensitivity receptor 
binding analysis and facile bead manipulation. 



10 
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Flow c„, commonly referred «, as fluorescence «— - 
« FAC S should be viewed a, coo.va.eo, .0 -fluorescence activate, molecu™ 
^fluorescence activa,ed bead sorting- for ^ - - — ™ „^ 
„• „ .kill in FACS methods for cloning mammalian cells expressing cell sorface 

0 « *- ^s aod . identify and isolale physical., indivldua, 

floo^cence. See MslbalaJa^dU^, Vol. 33 (Daraymoewtcx, Z. an Cnssman. 
H A eds Academic Press,; and Daogl arm Heraenberg, .982, 1. I— 1U- 
« f-H bolt incorporated herein by reference. Once me desire, beads have been 
plated, one ideo.if,es me tag lo ascertain me identi,, (or mo.eeu.ar — 
compos lion or conditions of syndesis) of me molecole of inleres, on ibe bead. 

Standard FACS ins—oon permits bead (cell) floorescence analyses 
' „f - 1(P events/sec. and, wben operated io siogle bead clooing mode, son ra.es ma, 

. . .iiKrariMlee >> 10' beads) some form of 

are 5-10 fold slower. In assaying very large bbranes (e.g., >> > 

affinity-selective pre-sereen can be oserl prior ,o individoal bead isolation - me 

For example, recepnar-coated snb-mleron sired superparamagnetic parttcles a e 
0 « used ,o affmiry purify specific ceUs from farge, mixed populaoons 
0 girting fsee Mi.renyi r9*>, ***** * »«* " 

reference). To bave a high probably of de«ectiog very rare bmdmg evema^h 
differen, compound in me library should be presen, on many beads ,„ 
optical upper limi, for me slae of an encded bbrary cnaoucted from .0 ,m part.c.es, 
>5 'assuming aTundreti-fold redundancy, is probab,, 10-- iCcompounds sy— on - 
,0- - 10" beads. Even larger libraries can be prepared using smaller beads, bu, 
conventional e„ome,ers are u„,i k el, ,o de.ee, or manipulale particles 
„m in diameter. Of course, as no«d elsewhere herein, me presen, tnventio P o™,es a 
variel, of applications for such small beads in me synmesis and sereenmg of hbran of 
,0 rJu.es. Tor insunce, b, using me obgonuOeotide tag «— — of me 
invention, one need no, use FACS melh^og, » son me molecules in ti,e ,brary. 

Nonemeless, one should not underestimate the power of FACS 
mslrumentauon for purposes of me presen, invention. In one assay memod of the 
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invention, the tagged molecular library is synthesized on fluorescent beads. The beads are 
smaller than cells and composed of a fluorescent material. The library is incubated with a 
suspension of cells expressing a high level of a cell surface receptor of interest, such as a 
G-protein-linked receptor. Of course, one can also perform a variety of controls, such as 
conducting all steps with cells that do not express a high level of the cell surface protein, 
and use those controls to identify false positives. 

In any event, cells expressing the receptor can bind to any library members 
presenting a ligand for the receptor. Fluorescently labeled cells can be readily 
distinguished and separated from fluorescent unbound library beads and from unlabeled 
cells with a FACS instrument based on light-scattering or another fluorescent signal, e.g., 
from a cell nucleus. After sorting, the tags from the beads attached to the cells are 
examined to identify the ligands specific for the receptor. Depending on the application, 
one would sort for cells expressing the highest level of the desired receptor, e.g., by 
selecting only the brightest cells, and would adjust the binding conditions to maximize 
specific binding events. To discriminate between ligands specific for the receptor of 
interest and those specific for other cell surface receptors, one could examine tags 
associated with beads binding to cells expressing high levels of the receptor of interest and 
cells that do not. 

The methods of the present invention also enable one to use FACS 
instrumentation to sort tagged molecular libraries synthesized on beads much smaller than 
the smallest beads current FACS instrumentation are capable of sorting. In this method, 
encoded synthetic libraries are screened for effector activity on signal transduction 
pathways. The synthetic library is constructed with several modifications: (a) the beads 
are 1 fxm or smaller and need not be sortable in the FACS, allowing rather small beads to 
be used in some instances; (b) the tags are oligonucleotides resistant to the intracellular 
environment (most particularly nuclease^resistant), phosphorothioates are preferred for this 
purpose; and (c) the peptides (or other diverse chemical entities) are attached to the bead 
support via a linker that cleaves in the intracellular environment. Such linkers include 
linkers that can be cleaved upon the application of an external factor, such as light, that 
does not harm the cells and linkers labile to the intracellular environment, such as a 
phosphodiester bond or a disulfide bond, but in any case, the cleavable linker must be 
stable to the parallel synthesis process. 
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The librae bead, are introduced into the reporter cells preferably by a 
mechanical process such as, for example, biolrsuc projection. In some cases, a 
^hemicallmediated process leading ,0 intemalizadon can be employed, bu, m.s rou 
usually results in incorporatton in» an undesUable ceilular comoartmen. 
, location). Once the beads are in Ore ceUs, fhe peptides or dlher 

are released. Given that 10 ,m beads have a demonstrated capacrty of 10 pepnde (or 
1„ steals sires, men if me capaci.y scales with vo.ume, a 1 .m bead of me same 
material would conuin I* molecules of Ure symbol pepdde. If aU of the syndres^d 
peptide is released in a single (spherical) cell of - 10 „m diameter ( a volume o -OS 
10 Z » concentradon of free peptide of -30 ,M wou,d resu... Tbts concentrtmon 
1* be — hie by the synthesis density on the beads, and a lower loadtng denstty 
could provide for a ntore stringent screening fonha, (i.e., a screen for more acttve 
compounds). The recipient cells are engineered to generate a fluorescent signal upon 
acivadon or inaebvadon of the pathway of interest. The individual ceUs V**~>" 
„ desired effect are seUcted by FACS insfiementadon, and the tags, whtch are *. «*i 
to Ut. beads and conned within the ceUs, are amplified and sermenced to tdenufy the 

active synthetic compounds. 

In another embodiment, large beads are employed and used to screen a 
population of calls that express a receptor <i.e., the enzyme beu-ga.actosidase) capable of 
20 genetating a fluorescent or other detectab.e signal, i.e. , by cleavage of a subsmte . 

produce a detecmble compound. The beads are then mixed with a popufctdon of the cells, 
which are allowed to anach » dte beads. If the receptor on the cefl surface is sttmulated 
by the compound on the bead, then me detecuble compound is produced, providing a basts 
for sorting activated cells adached to me beads from tmacdvated ceUs. One could emp oy 
25 appropriate reagenls (i.e. , free Iabe.ed or unlabeled receptor) to maximize selecbon of h,gb 
affinity ligands. 

There are of course a variety of alternatives to flow cytometry for purposes 
of screening and selecting for library molecules of interest. In one embodiment, an 
encoded synthetic library is screened for antimicrobial activity to find compounds that 
30 retard the growth or kill bacteria or any other microorganism that can be plated m two 

dimensions, such as virus-infected cells, many eukaryotic cells including cancer cells, and 
some protozoa. Large libraries of related or unrelated chemical structures can be screened 
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against cells in agar culture by controlled release of the peptide or compound from the 
bead on which it was synthesized. 

The steps of the method follow: (1) plate the cells of interest on agar 
plates; (2) overlay the cells with another layer of agar in which the beads bearing the 
synthesized peptide/drug are suspended at a dilution that provides for even dispersion so 
that individual beads can be picked, e.g., with a capillary tube, from the solid agar; (3) 
initiate release of the peptide/drug from the beads; (4) culture the plate to allow diffusion 
of the peptide/drug from the bead immobilized in agar into the surrounding agar and into 
the agar below containing the indicator cells; (5) read the extent to which the diffused test 
compounds from individual beads have affected the growth/morphology/phenotype of the 
indicator cells; (6) choose zones where the indicator cells exhibit the desired response 
(e.g., death of a bacterial lawn) and using a capillary tube or similar, pick out the zone of 
agar that contains the original bead from which the test drug had diffused; (7) read the tag, 
e.g., by PCR amplification of the encoded material on the individual bead, to determine 
the structure of the peptide/drug that elicited the desired response; and (8) optionally 
chemically synthesize the appropriate drug/peptide and verify desired effect. 

There are a variety of ways to release the test compound from beads. For 
instance, one could partially cleave the peptides/drugs from beads using TFA and allowing 
cleaved peptide to dry down onto the bead surface in such a form that subsequent 
resuspension in water (agar) will allow release of the peptide/drug and localization of the 
released compound to the zone of agar around a particular bead. One could link the 
drug/peptide to the bead using chemistry that is sensitive to a particular change in bead 
environment that can be initiated upon plating onto the agar and indicator cells or after 
plating and agar solidification, e.g., a photosensitive linkage, a thiol sensitive linkage, a 
periodate sensitive linkage, etc. These chemical agents could themselves be diffused in 
through another thin agar overlay, if necessary. Such release chemistry must be 
compatible with the integrity of the test substance, integrity of the encryption on the bead, 
and health of the underlying indicator cells. The particular release chemistry used will 
also of course depend on the type of chemistry used for synthesizing the library and the 
nature of the indicator cells. The method is especially preferred for screening libraries of 
beta-lactam antibiotics for identification of new antibiotics that might kill newly evolved 
strains of bacteria resistant to existing beta-lactams and for screening peptide libraries of 
analogues of known anti-bacterial peptides such as the magainins. 
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Cher method* can also be used » screen bead-ba^d molecular libraries 
Affinity adsorption MP can be employed in conjunction « .be itbrane, of the 
invention. Pot example, use mixture of beads can be expos* to a surface on wn.cn a 
"tor has been immobile (see PCT pa^n. publication No. 9./070S7. ,„corpora,ed 
5 3 b, reference, After washing use substia.e . remove unbound beads one can ,en 
elute beads bound » the surface using conditions Oat reduce the avidi.y of ,he 
otigomer/recepbar inaction (how pH , acid or base .rca.ntent, for example). 

The process of affinity adsorption can be repeal »i«h A. elu.ed beads, .f durable 
These mahods, a»d reUded variant, such as the use of magnetic selection desenbed 
,0 above, can he pracdced in diverse ways; for inshutce *. soUd support can be a ream 
packed into a chromalographic column. 

I„ anodrer method of Ore invention, libmnes of "Bdrered- compounds are 
used as a source of stmcntral diversiry in a form suftable for affini.y purifieanon of 
families of related moleeules, such as families of recess of pharmacologic .meres,. In 
15 111, this metirod reU.es . me use of a tagged and te*ered molecular library to screen 
" a second library of untagged molecules. The Ugged, tethered bonny mo.eeu,e serves as 
an affinity purificatton reagen, » semen complex mixtures of soluble proterns, 
otigonucleotides, carbohydra.es, andbodies, etc. Subsequent . affinity purifieanon, 
mol eeules dud bind to the combinatorial library members are identified by elution and 
20 appropfia^ sepa^tion and identification method, Tbe combinatorial Ubrar, .s .hen d.vtded 
W. smaller fractions of combinatorial!, svntisesiaed compounds to de.erm.ne, mrough 
repeal cycles as necessary, seductively and precisely which compound) medtate the 

binding process. . 

,„ similar fashion, combinatorial ohemieal libraries can be used ,o tdent.fy 
25 and clone novel recepbn*. Many receptor are members of famine, of proteins , ha, share 
sequence homo.ogy (usually reflecting divergent evolution from an ancestral paren,, bu, 
exhibit differences in their speeificiry/affinity for sbuemrally related seu. of 
figand^cogna.erecep.ors. Each member of a recepror family (W may represen. a 
sepaxa* targe, for specific pbaxmacologie action and hence for drug discovery and 
30 development by virtue of .heir different properties, i.e., locations in .he body, spec.fic.nea 
affinities for ligands, erc. If one identifies a receptor » whose binding propert.es are of 
sufficient nderes. so tiaa. .he identification of cubes reeep.o,s in ft. -e fam..y would be 
beneficial, then one can employ the following me«hod .o identify receptors rela.ed .o R, .n 
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their binding site properties. One first identifies a ligand that binds to Rj and then creates 
a tagged combinatorial compound library of molecules closely related structurally to the 
ligand. 

Next, one prepares polysome preparations from cells believed likely to 
5 express additional members of the receptor family. Such polysomes comprise ribosomes 
attached to mRNA with pendant receptor in various stages of protein synthesis from 
nascent peptide to almost fully elaborated protein. The receptor protein nearing completion 
of synthesis will express the specific receptor property of binding to one or more members 
of the combinatorial library. Using the combinatorial library tethered to solid support, 

10 affinity purification of polysomes bearing receptors with affinity for any member of the 
combinatorial library is performed. Such affinity purification may involve column 
chromatographic methods, batchwise separation of immobilized components from the 
liquid phase, or aqueous two phase separation methods to achieve separation of the solid 
phase bearing attached receptor and relevant mRNA encoding the receptor from 

15 non-adherent polysomes. 

Next, one performs cDNA synthesis from the mRNAs that encode the 
cognate receptor population using standard technology (reverse transcriptase, etc.) and 
clones the cDNA population into a vector suitable for rapid sequence analysis. Dependent 
on prior knowledge of the receptor sequences that are likely and the degree of sequence 

20 conservation that can be anticipated, one may attempt to use PCR or another amplification 
to amplify the cDNAs enriched by this method. By sequence analysis of a suitable number 
of cDNA clones, one can identify cDNAs (whether full length or not) that show sufficient 
sequence homology with the sequence of the already known receptor R, to represent 
putative additional members of the same receptor family (RJ. One prepares optionally full 

25 length cDNA clones of these novel cDNAs (or relevant portions thereof, such as the 
portion encoding the extracellular domain of relevance to ligand binding) by standard 
cloning methods and expresses these cDNAs by standard methods (i.e., in eukaryotic 
expression systems as soluble or membrane bound proteins as appropriate). Using 
standard formats for testing receptor ligand interaction, one tests for binding of populations 

30 of mixed compounds from the combinatorial library or individual compounds. In this way, 
one can identify precisely which compound(s) from the library bind to the newly identified 
receptor. 
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The soluble molecules of the library can be synthesized on beads and then 
cleaved prior to assay. In one embodiment, the microscopic beads of a molecular library 
are placed in very small individual compartments or wells that have been "nanofabricated" 
in a silicon or other suitable surface. Beads are loaded in the wells by dispersing them in 
5 a volume of loading buffer sufficient to produce an average of one bead per well. In one 
embodiment, the solution of beads is placed in a reservoir above the wells, and the beads 
are allowed to settle into the wells. Cleavage of the oligomers from the beads may be 
accomplished using chemical or thermal systems, but a photocleavable system is preferred. 
The molecules of interest can be cleaved from the beads to produce either untagged 

10 molecules in solution (the tag remaining attached to the bead) or tagged molecules in 

solution. In either event, the molecules of interest are cleaved from the beads but remain 
contained within the compartment along with the bead and the identifier tag(s). 

In one embodiment, a surface or a portion of the surface of the well is 
coated with a receptor. Binding buffer and a fluorescently labeled known ligand for the 

15 receptor is added to the well to provide a solution phase competition assay for ligands 
specific for the receptor. The binding of the fluorescently labeled ligand to the receptor 
can in one embodiment be estimated by confocal imaging of the monolayer of immobilized 
receptor. Wells with decreased fluorescence on the receptor surface indicate that the 
released ligand competes with the labeled ligand. The beads or the tags in wells showing 

20 competition are examined to reveal the identity of the competitive ligand. 

Recovery of identifier-tagged beads from positive wells may optionally be 
effectuated by a micromanipulator to pluck individual beads out of wells. Another mode 
involves the use of beads that have incorporated a fluorescent molecule, either during bead 
manufacture or through labeling. A laser of the appropriate wavelength is used to bleach 

25 the resident beads in only the positive wells. All the beads are then removed en masse and 
sorted by FACS to identify the. bleached positives. The associated tags may then be 
amplified and decoded to identify the molecules that bind specifically to the receptor. 

In another embodiment of the invention, one employs relatively large tagged 
beads, from which the molecules of interest are cleaved in a series of reactions. In this 

30 method, the beads are 50 to 500 /*m in diameter, with capacities equivalent to 100 to 500 
pmol of peptide per bead; preferably, one uses 100 ftm beads with a capacity of about 200 
pmol, if constructing a peptide library. The typical size of such a library is from about 
10 6 to 10 8 , preferably 10 7 different molecules. The library is divided into about 100 pools, 
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Thus, the first screening identifies the active organism(s), subsequent steps identify the 
active precursors, and finally, the active metabolites are identified by standard analytical 
means. 

In all its formats, however, factoring is a tedious process. Libraries 
5 produced by split synthesis and cleaved free of the resin produce soluble compounds 
amenable to cellular uptake and metabolism by intact organisms. However, the 
concentrations of the individual compounds is quite low (inversely related to the diversity 
of the collection), leading to inefficient enzymatic turnover and very low concentrations of 
the resulting metabolites. The concentrations of the compounds may be increased by 

10 producing subsets of the libraries and fermenting each subset separately with each 

microbial isolate. Sub-libraries are constructed by fixing one or more of the positions and 
randomizing the remaining positions. For example, there are 500 pentapeptide sublibraries 
'containing all permutations of 2 fixed positions utilizing 50 building blocks. Each of these 
sublibraries contains 125,000 compounds. The use of tagged libraries offers a major 

15 advantage in ease and sensitivity, but requires modifications in the method of exposing the 
compound collections to the metabolic activities. The combinatorial feedstock need not be 
only peptides but could consist of any type of combinatorial chemical collections. 

Oligomer and other molecular libraries can be constructed in a combinatorial 
process and each step encoded with identifying tags. This may be done via a direct 

20 linkage and parallel synthesis of the oligomer to the tag. If oligonucleotides are used as 

the tags, then the complexes will be relatively large but small enough to insert actively into 
the cells via liposome fusion, electroporation, solvent permeabilization, etc. Once inside, 
the complexes would be subject to the metabolic machinery of the cells. One would avoid 
the vulnerability of the oligonucleotide tags to degradation by the use of modified 

25 nucleotides and nucleotide linkages. Upon recovery of the active metabolites from the 
culture of from lysed cells, the samples are screened and the tags decoded to reveal the 
precursor compound. Scaled-up fermentation of the active organism with the active 
precursors should produce sufficient quantities of the active metabolites to characterize. 
Libraries of compounds made by an encoded combinatorial process on beads can be 

30 exposed to lysates of bacteria, fungi, plant cells, etc. With this format, the need to insert 
the tagged complexes into intact cells is avoided, and only a relatively few of the many 
molecules on the bead need be processed to be detected (e.g., in a fluorescence-activated 
binding assay). 
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also use a high pressure technique that allows for the encapsulation of greater volume of 
aqueous phase than the calculated volume enclosed by the liposome. A 3 - 5 fold increase 
in volume-equivalent can be encapsulated by this pressure method, allowing greater 
volume of test material to be tested, hence greater signal in the cell-based readout. 
5 Existing liposome technology allows for creation of liposomes that 

incorporate a high percentage (>80%) of the aqueous phase (relevant to the efficiency of 
use of each test substance). Unincorporated aqueous phase can be removed by diverse 
"wash" methods. In addition, one can create liposomes that do not leak or exchange 
encapsulated aqueous phase (relevant to the specificity of tagging and absence of mixing 
10 enclosed aqueous phases), as well as liposomes that do not exchange components inserted 
into their lipid monolayer (glycolipid/protein antigens inserted as tags cannot be 
exchanged). 

A wide variety of tags can be employed with the method. For example, the 
tags can be: (a) different fluorophores with excitation and emission properties that allow 

15 the fluorophores of each to be measured in the presence of each of the others, or 

combinations thereof — the fluorophores can be selected to partition in the encapsulated 
aqueous phase or in the membrane phase of the reconstituted liposomes, facing outwards; 
(b) different metal cations of rare earth elements that can be distinguished individually by 
atomic absorption spectrometry — the rare metal atoms would be designed to partition as 

20 salts in the encapsulated aqueous phase of the reconstituted liposomes; ( c) different 

antigens, that can be distinguished by their specific reactions with appropriate monoclonal 
antibodies and primary/secondary florescent detecting antibodies/fluorophores, as necessary 
— the antigens, borne on proteins, glycoproteins and/or glycolipids, can be selected to 
partition in the membrane phase of the reconstituted liposomes, facing outwards; and (d) 

25 combinations of antigens, fluorophores, and/or metal ions can greatly increase the number 
of possible signatures- for simultaneous -screening, and an additional level of tagging of 
different liposomes (increased numbers) can result from use of different levels of 
fluorophores/metal ions/antigens, such that the different "quanta" of each component in the 
signature mixture could be identified. 

30 One can also employ a general fluorescent tag that shared by all liposomes 

that enables rapid selection of cells fused with a liposome from those that did not fuse with 
a liposome. This tag is distinct from any tags used in combinatorial labelling of the 
individual liposome preparations and is mixed in with the liposome-generating lipids, the 
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membranes. The fusion step effectively adds the aqueous phase compartment of a single 
liposome to an acceptor cell. Hence, the aqueous natural product extract, test compound 
from a chemical inventory, or fraction from chromatographic separation of a natural 
product extract is now able to act at any point in the intracellular signal transduction 
5 pathway. The fusion step also adds the specific tags that provide the signature of the 
particular test compound sample to the individual acceptor cell. If those tags were in the 
lipid membrane of the liposome, then the tags are distributed in the outer cell membrane of 
the acceptor cell. Antigens at this location are accessible to panels of specific monoclonal 
antibodies. Rare earth metal ions that were in the aqueous phase of the particular 

10 liposome are in the acceptor cell cytoplasm. The fusion step also adds the shared liposome 
tag that identifies cells that acted as acceptors from those, the excess, that did not undergo 
a liposome fusion event. The tag can be a fluorophore that moves from the liposome 
membrane to the acceptor cell membrane. 

The mixture of cells, cells fused to individual liposomes, and any unfused 

15 liposomes is next incubated with the exogenous ligand (e.g., in the case of testing for an 
antagonist) or incubated without any addition (e.g., in the case of testing for an agonist). 
The time of this incubation is determined using control compounds at defined 
concentrations and incubation times. 

Preferably, one uses FACS to select compounds (cells) of interest. For 

20 instance, one can first use forward or side light scatter to sort cells (whether acceptors or 
not) from any unfused liposomes. Large cells can be readily separated from small 
liposomes. Next, one can sort cells that were liposome acceptors from those, the excess, 
that were not liposome acceptors. Cells that were acceptors bear the shared 
liposome-derived fluorescent label, whereas the non-acceptor cells are non-fluorescent with 

25 this label. This step is of course optional but, if performed as a presort, allows separation 
of the "(typically) majority* of cells that are irrelevant to subsequent analysis from the 
minority that were acceptors. For identification of an antagonist, one can sort on the basis 
of light emission from the reporter protein (e.g., beta-galactosidase or luciferase), 
separating the majority of fluorescence-positive cells (rendered such by addition of the 

30 exogenous ligand earlier), from the minority of fluorescence-negative cells or low 

fluorescence cells. The latter two cell categories result from presumed antagonist effects 
of compounds that were encapsulated in the particular liposomes that fused with these 
individual cells. For identification of an agonist, one can sort on the basis of light 
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Colleen*, single cells or populations of ceUs can be analyzed by methods 
appropriate to me particular tag combinations used. Fluorescence tags can be analyzed by 
FACS and/or tiadltional spectrophotometry. Antigen tags can be analyze, by addtuon of 
appropriately labeled monoclonal antibodies and EUSA, FACS, radioisotopic or 
ZL~ assist assays. Meml ion tags can be analyzed last by 
spectrometry. After tag decoding, me teas can be repeated either w..h mtxtures of on,, 
Z. liposomes that yielded a positive event o„ first pass or tvith pur. liposomes of each 
member of interest added to separate cell samples. 

H,ese artd other methods of the invention can be automated to facthtale 
practice of the invention, as discussed in the following section. 



VII. Instrumentation 



0 



The coupling steps for some of the monomer sets (amino acids, for example) 
can in some embodiments require a relatively lengthy incubation time, and for this and 
other reasons a system for performing many monomer additions in parallel is desirable. 
The present invention relates to automated instrumentation for use in generating and 
screening encoded syntheuc molecular libraries. One preferred instrument, able ,» 
perform 50 to 100 or more parallel reactions simultaneously, is described in U.S. patent 
application Serial No. 08/149,675, filed November 2, 1993, incorporated herein by 
reference. Such an instrument is capable of distributing the reaction mixture or slurry of 



WO 95/12608 PCTAJS94/12347 

75 

synthesis solid supports, under programmable control, to the various channels for pooling, 
mixing, and redistribution. 

In general, however, the instrumentation for generating synthetic libraries of 
tagged molecules requires plumbing typical of peptide synthesizers, together with a large 
5 number of reservoirs for the diversity of monomers and the number of tags employed and 
the number of simultaneous coupling reactions desired. The tag dispensing capability 
translates simple instructions into the proper mixture of tags and dispenses that mixture. 
Monomer building blocks are dispensed, as desired, as specified mixtures. Reaction 
agitation, temperature, and time controls are provided. An appropriately designed 

10 instrument also serves as a multi-channel peptide synthesizer capable of producing 1 to 50 
mgs (crude) of up to 100 specific peptides for assay purposes. See also PCT patent 
publication 91/17823, incorporated herein by reference. 

Typical instrumentation comprises (1) means for storing, mixing, and 
delivering synthesis reagents, such as peptide and oligonucleotide synthesis reagents; (2) a 

15 sealed chamber into which the various reagents are delivered and inside of which the 
various reactions can proceed under an inert atmosphere; (3) a matrix of sealed reaction 
vessels; (4) means for directing the flow of reagents to the appropriate reaction vessels: (5) 
means for combining and partitioning small (0.1-100 fim) beads; and (6) means for 
washing the beads in each reaction vessel at the conclusion of each chemical reaction. The 

20 matrix of reaction vessels can have any one of several designs. For example, the vessels 
can be arranged in a circle so that the vessels can be made to rotate about a central axis 
(i.e., a centrifuge). Alternatively the vessels can be arranged in a 12x8 matrix (96- well 
microtiter plate format). Any arrangement amenable to accessibility by robotic delivery, 
aspiration, and transfer functions is useful for some applications. 

25 The system used for combining and redistributing particles can have one of 

several designs: For instance, the beads can be suspended in a solvent of appropriate 
surface tension and density such that a robotic pipetting instrument can be used to transfer 
the beads to a combining vessel. After mixing, the beads can be redistributed to the 
reaction vessels by the same robotic pipettor. Alternatively, the beads can be combined by 

30 using a special valved reaction chamber. The valve is opened to allow solvent flow to 
transfer the beads to a combining vessel. After mixing, the beads are repartitioned by 
reversing the flow to each reaction vessel. 



10 



15 



PCT/US94/12347 

WO 95/12608 

76 

In another embodiment, the beads are combined using closely spaced 
action vessels with open top ends. Flooding the vessels allows the beads to mix. If the 
beads are magnetic, then the beads are re-partitioned by pulling the beads back down to 
the bottom of the vessels by application of a magnetic field. Non-magnetic beads are 
re-partitioned by vacuum suction through the bottom of the reaction vessels. In yet 
another embodiment, the beads are partitioned by distributing them on a flat surface and 
then restricting them to certain sectors by covering them with a "cookie-cutter shaped 

device, described more fully below. 

The system for washing the beads can also have one of several destgns. 
The beads can be washed by a combination of liquid delivery and aspiration tubing. Each 
reaction vessel has its own set of tubing, or a single set can be used for all reaction 
vessels. In the latter case, the liquid delivery and aspiration lines can be mounted on a 
robotic arm to address each vessel individually. The beads in each vessel can be made to 
form a single pellet by either centrifugation or the use of magnetic beads and apphcatton of 
a magnedc field. One can also employ a reaction vessel with a bottom wall composed of a 
chemically inert membrane so that reagents can be removed from the vessels by 
application of a vacuum. Reagents can also be removed from each vessel by usmg vessels 
that can accommodate continuous flow through of reagents and washing solutions, i.e., a 
vessel with luer fittings and membranes on each end. 

Any automated combinatorial instrument that relies on an individual reacUon 
chambers, each connected to reagent delivery systems and to a -mother pot" to which the 
beads are pumped for pooling and from which the beads are reallocated among the reaction 
chambers for successive rounds of monomer addition faces a very important pracucal 
Imitation. There is a wealth of monomer or other building block units, and the difficulty 
25 of partitioning beads and reagents among the potentially large number of reactions may 
limit such instruments to fewer than 100 separate parallel reactions. 

The present invention provides an instrument that avoids the need to pump 
beads between chambers to mix and reallocate, simplifies reagent delivery, and allows the 
simple and accurate partitioning of very small numbers of tiny beads. The basic design 
30 consistsofaplatewithanarrayofreaction-sites" located on the surface; the surface may 
be planar or may consist of an array of shallow wells that form reaction sites. In one 
embodiment, there are 256 sites in a 16 x 16 array. Each reaction site is a spot, or well 
on the surface to which a group of synthesis beads is attracted. The attractive force may be 
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magnetism, vacuum filtration, gravity with passive mechanical sorting, or various other 
simple means. The beads are initially applied as a dilute slurry in a shallow reservoir 
evenly covering the array of reaction sites. Upon application of the attractive force, beads 
are concentrated at each site. 
5 After positioning all the beads on the reaction sites, the sites are then 

separated by mechanical partitions to create (temporarily) the individual reaction chambers 
as shown in Figure 29. A variation provides partitions permanently affixed to the surface 
to form shallow wells. The reaction components are delivered to each chamber, the beads 
released into suspension, and the reaction initiated. When desired, the beads can be 

10 reattached to the surface and the reagents removed. After all steps for a coupling cycle 
are completed, the chamber partitions are removed, and the beads are released into the 
common reservoir above the array of sites. 

Mixing of the beads is caused by induced convection of the reservoir fluid, 
and the beads are then reattracted to the surface sites for the next round of coupling. 

15 Subsequent steps, including the wash steps, are accomplished in a similar fashion. 

Addition and removal of reagents is done with a combination of plumbing and automated 
pipetting. Addition of reaction specific reagents (monomers, for example) may be done 
with robotic multipipettors. Addition of common reagents and the removal of all reagents 
can be done with a fixed plumbing system not requiring valving at each reaction chamber. 

20 Some common steps such as washes can be done on the beads en masse , before installing 
or after removing the chamber partitions. 

The use of large numbers of monomers or other building blocks places an 
additional burden on the encoding process. In one encoding scheme for oligonucleotide 
tags, a basis set of 1000 monomers might require a 5 base sequence to tag each reaction 

25 step; a set of more than 1024 monomers could require 6 bases to encode. To reduce the 
plumbing complexity of- the synthesis instrument (i.e., to reduce the number of specific 
reaction additions), a special encoding strategy is provided by the present invention. To 
illustrate the method, consider an array of 16 x 16 reaction sites, an arrangement that 
allows 256 different reactions to be carried out simultaneously. To encode each reaction 

30 individually with multiple base coupling is a difficult undertaking. 

The array consists of 16 rows and 16 columns, each site in the array having 
a unique geographical address. Each row of sites can be tagged as a group, and all 16 
rows can be uniquely encoded with 2 base codons ("subcodons"). A striped template or 
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Additional coupling reactions then take place. For example, the pooled 
products above may be reacted with monomers C and D to form the following collections 
of products: 

1. S-A-C S-A-D 
5 2. S-B-C S-B-D 

From even the above simple example it becomes apparent that such synthesis techniques 
rapidly create large collections of diverse products. By carefully planning the synthesis of 
such diverse collections of molecules and/or by providing for the parallel synthesis of tags 
on such substrates, the substrates will find use in a variety of applications, as described 
10 above. In a particular embodiment, the present invention provides devices and methods 
that may efficiently generate substrates for these and other uses. 



A. General 

Fig. 1 illustrates a device used to synthesize diverse collections of 
15 molecules. The device includes a parent mixing vessel 200 coupled to a plurality of 

reaction vessels 201-209 by a top common manifold 212 and tubes 215, and 221-229. Top 
common manifold 212 couples to tubes 221-229 and 215. Reaction vessels 201-209 also 
selectively couple to monomer addition reagent supply reservoirs 231-239 via valves 111- 
119 and tubes 241-299. A pressurized delivery system (PDS) 265 is coupled to both 
20 parent vessel 200 and reaction vessels 201-209 via tubes 260 and 256 respectively. 

A synthesis reaction begins when a bead suspension is transferred from 
parent vessel 200 to reaction tubes 201-209. A valve 129 opens (all valves are closed as 
default), and the bead suspension enters top common manifold 212 from parent vessel 200 
through tube 215. The bead suspension is thereafter distributed among reaction vessels 
25 201-209 through tubes 221-229. Selected reagents from monomer reservoirs 231-239 then 
enter respective reaction vessels 201-209 through respective tubes 241-249. Coupling 
reactions then take place inside reaction vessels 201-209 on beads contained therein. 

Fig. 1 shows pressurized delivery system 265 coupled to parent vessel 200 
via a tube 260. Pressurized delivery system 265 delivers pressurized reagents to parent 
30 vessel 200 from delivery system 265 via tube 260 when valve 10 and vent valve 90 open. 

Pressurized delivery system 265 is also coupled to reaction vessels 201-209 
through a tube 256, an isolation valve 100, lower manifold valves 101-109, lower tubes 
271-279, injection valves 111-119, and tubes 241-249. To deliver a reagent from PDS 



10 



15 



PCT/US94/12347 

WO 95/12608 

80 

. M1 2 o9 the pressurized reagent enters tube 256 and a 
265 to selected reaction vessels 201 209 ti. P ^ ^ . $ ^ 

lower manifold 214 through open valve 100. Ther^ft ^ 
up selec ted tubes 2,1-2. .rough ^^^^ t L 24 ,24, 
is then forced into selected reacuon vessel 20^209 S ^ 
To deliver a reagent from, for example, a g 

tion vessel 201 a quantity of pressurized activating solutton from PDS 
respective reacuon vessel 201, q J ^ ^ appropriate 

is forced into tube 256, into lower manifold 214, and up ^ 
moment, a quantity of monomer reagent from ^^J^ J injection , the 
stream of activating solution travelling up tube^ ~g ^ 

— * — — ^ ^ - -ting reactions, 

enters reaction vessel 201 through a ube 24 1 « P ** P ^ ^ ^ 

To optionally tag the ug _ reagent from 

m onomer from monomer resets 406-412, a pressured g ^ 

;« Artfi 412 enters a common manifold 255 ot rus ^oj 
corner reservoirs ^ m appropria te activation reagent 
valve 4-7. Thereafter, the pressurize* g ^ pressu rized monomer 

enter lower manifold 214 through open valve iw 

tubes 271-279 and 

aggi n g tea g en, - * aPPtopHate — vessds 201.09 „H«te 

241-249 though selected open valves 101-109 ,n,o selected rea 

_ vessel is — - = ^ ^ - t^L 
To ra ove the Oead suspension from reacuon ve^ «M » P 

^pension Is peeked win, a*on ton, «^ suspension iMO lubK 

Valves and ,10 at. Cos. "^^ve 1,9, and paten. 
221-229, top common man, «T ^ ^ J„ „ mjxed „ prepantio „ for 

vesse, 200. In paren "-^^ s>nlh£siK „. desire d se, of 

allocation among reacuon vessels zui zv* 

molecules. valves can be 



molecules 
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were initially allocated to all the reaction vessels 201-209 for synthesis and then returned 
to the parent vessel 200, during re-allocation only certain of the three-way valves could be 
opened so that, for instance, only reaction vessels 201, 205 and 209 received the bead 
suspension for further synthesis. 
5 Fig. 1 also shows nonconcentric agitators 280 and 285 coupled to a top 

reaction vessel bracket 290 and a bottom reaction vessel bracket 295. Top reaction vessel 
bracket 290 is held stationary while bottom reaction vessel bracket 295 is permitted to 
follow the motion of nonconcentric agitators 280 and 285. Each nonconcentric agitator 
cooperates with a vortexing motor 300 to exert an agitation force on bottom vessel bracket 

10 295 and the bottom end of reaction vessels 201-209. Since the tubes between the brackets 
are flexible, this agitation force causes the contents of each individual reaction vessel 201- 
209 to vortex inside the reaction vessel thereby enhancing synthesis reactions. 

Top common manifold 212 connects to tube 215 at one end to provide a 
conduit for transferring material between parent vessel 200 and top common manifold 212. 

15 At the other end, top common manifold 212 connects to a tube 126. Tube 216 provides 
pressurized argon to top common manifold 212 through a valve 121. Tube 216 also 
allows top common manifold 212 to vent its contents through a valve 120. 

Two capacitive sensors 90S and 99S are located near the exterior surface of 
parent vessel 200 to detect the level of liquid in parent vessel 200. If a fluid exists within 

20 the detection envelope of a capacitive sensor, that capacitive sensor is turned on. 

Conversely, the capacitive sensor is off if no fluid exists within the detection envelope. 

Sensors 101S-119S are optical sensors for detecting the presence of a fluid 
within a substantially translucent tube. These optical sensors are on when a column of 
fluid is present in the tube. The optical sensors are off when no fluid is detected. 

25 Likewise, an acoustic sensor 120S detects the presence of a fluid in its 

detection envelope. Fluid, including bead suspension, flowing through a tube which has 
been placed in the acoustic sensor's detection envelope turns acoustic sensor 120S on. 
Conversely, acoustic sensor 120S is off when no fluid is present in the tube which has 
been placed in the detection envelope of the sensors. Acoustic sensor is used for sensor 

30 120S because optical sensors cannot reliably distinguish, under certain conditions, between 
an empty translucent teflon tube and a translucent teflon tube containing a bead suspension. 
Further, although an acoustic sensor is chosen for sensor 120S, any sensor which can 
distinguish the difference between an empty tube and a tube filled with either a fluid or a 
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• n maV be used Because acoustic sensors are fairly costly relative to other 
bead suspension may be used ^ ^ ^ pgr 

types of sensor such as opucal sensors, there is only 

synthesizer. • ly one 0 r fewer 

The reaction vessel bank is designed such that there is on y 

The reaction ^ ^ l29 ig opUonal . 

valve between the parent vessel and the reactio ^ 
This design is advantageous because it «"£^L synthesized ^ers. 
and closing action of valves damaging the fragile beads «J ^ 

ciog Ike system. Furthermore, so po , ^ „ B 

— ' t "r;res J- — - -~ 

desirable to reduce the number of valves g from 
lf valve 129 is not included, pressurization techniques can be used pre 
flowing between the parent vessel and - ^ „ closed in the ir 
As discussed earlier, the valves u^d ^ ^ ^ 

; default state. Absent a specific command to open, the val 



20 



25 



30 



closed state. 

all reaction vessels. The delivery y delive red to either the parent 

reaeent/solvent concentrauon is aeiivci^ 
solution in an appropnate reagent/soi wnthes is process. 

i or the reaction vessel bank at an appropnate step in the synthesis pr 
vessel or the reacuon vc _„ t;nn Pressurization, where 

,ho Pntire svstem is sealed during operation, fressun^i 

::~ 2 - - - - - - — *r * fte pretOTed " ,ns 

c« of itQ availability and low chemical reactivity, 
agent because of its avaiiaouuy cvnthesi2e r will now be described 

For ease of discussion, the automated synthesizer win 

r m n,e The specific example used throughout this disclosure 

A, T, C, and G. 
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It must be recognized, however, that the automated synthesizer is neither 
limited to the synthesis of the particular polymer described in the above specific example 
nor to tagged polymer synthesis. Although reference will be made throughout this 
disclosure to the synthesis of polypeptides and the tagging of beads with the above 
nucleotides utilizing a reaction vessel bank having nine reaction vessels, there is no 
inherent upper or lower limit in the number of reaction vessels which may be included in 
each reaction vessel bank. In fact, modular construction of the device permits easy 
addition of additional reaction vessel banks. Further, many other molecules and tags may 
be synthesized on the beads, or the tags may be eliminated entirely. 

1 . The Pressurized Delivery System 

The detailed description of a pressurized delivery system 265, which has 
been specifically tailored to synthesize the polypeptides according to the specific example, 
has been divided into three parts: reservoirs for use synthesizing polypeptides, reservoirs 
for use in tagging beads, and the delivery valves. 

a. Reservoirs for use in synthesizing polypeptides 
In addition to the nine amino acid monomers used to synthesize the peptides 
of the specific example, several other additional "common" reagents will be employed in 
the synthesis. In a typical peptide synthesis, for example, the following reagents may be 
employed: 

TABLE 2 



Function Chemical 

Deprotection 10% Piperidine in DMF 

Activation „ 0.2M HBTU and 0.6M DIEA 

in DMF/DCM mixture having a 3:1 ratio 
Capping acetic anhydride in THF 

n-methyl imidazole in THF 
Washing DMF. 

THF 
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b Reservoirs for use in tagging beads 

in the specific example, the beads are optionally tagged. In a peptide 
• t on h T-ds are in one embodiment tagged with a nucleic acid compnsmg 
synthesis reaction, the beads ar In addition to the four nucleotide reagents, 

nucleotides from the group A, T, C, and o. 

the following solvents and reagents are used during the synthesis of tags. 

TAKLE 3 



15 



20 



25 



Function Ekemical 
Deprotection trichloroacetic acid in DCM 

Oxidation l 2 ,colUdine,H 2 0, and MeCN 

. ¥ . „ 0.5M tetrazole in MeCN 

Activation 

acetic anhydride in THF 

Capping 

N-methyl imidazole in THF 
Washing M « CN 

Th.sc nucleodde reagents are contain* in reservoirs having sufficient 
volume and ,uandrv ro aacompush rhe synthesis of tags udUzing the automated 

S, " to '' Fig 2 shows a representative reservoir 400 for containing, for example, .he 
MeCN soiubon in Tabic 3. There are rwo tubes associate* with *eh ~ Usted , 
Tabtes2a„d3. As shown in Fig. 2, a tube 450 contains pressurized aigort for 

• ™ the reservoir to force the contents of the resemnr up a second tube 452. In 
~™reage». reservoirs are aiways pressure, m other embodiments, 
some embodiments, tne reagent M „ nt reservoir only 

the argon tube is controlled by a local on/off valve to pressurize a reagent reserv 

when the contents of that reservoir are needed, 
c. Delivery Valves 

Fig . 3 shows a representative 3-port solenoid valve in greater detail. The 

, ^oHesi 1 1 10-900 by General Valve Corp. of Fairfield, New 
valve may be, for example, a Model 2-110-900 by O 

IZir C - p^L. - empioyed in the present emhodtraen, 



WO 95/12608 PCTAJS94/12347 

85 

includes a first port 454 and a second port 456. The 3-port solenoid valve also has a 
channel 458 through its body that communicates with first port 454 and second port 456 
and always permits a fluid to flow freely between the first and second port. To form a 
common manifold 462, second port 456 is coupled with, for example, first port 454 of 
5 another 3-port valve. The other 3-port valve may be, for example, valve 5 of Fig. 1. A 
solenoid inside the valve, responsive to a control signal through wires 190, selectively 
permits a third port 460 to communicate with channel 458. Third port 460 of valve 4 is 
coupled to reservoir 412 of Fig. 1. 

To control the injection of a reagent from reservoir 412 into manifold 462, a 

10 line 464 carrying the pressurized reagent is connected to third port 460 of valve 4. At an 
appropriate moment, the solenoid opens and permits third port 460 to communicate with 
channel 458, thereby causing the pressurized reagent from third port 460 to be injected 
into channel 458 of valve 4 and into common manifold 462. 

Fig. 4 shows a representative on/off 2-port solenoid valve 10. This valve 

15 may be, for example, a Model 2-17-900 by General Valve Corp. of Fairfield, New Jersey, 
for selectively permitting a fluid or a gas to flow in a channel between its two ports. As 
shown in Fig. 4, valve 10 includes two ports 468 and 470. Valve 10 also has a channel 
through its body that communicates between a first port 468 and a second port 470 to 
permit a fluid or a gas to flow between the two ports. A solenoid inside valve 10, 

20 responsive to a control signal through wires 472, selectively permits first port 468 to 
communicate with second port 470. When one port of valve 10 is connected to a tube 
carrying a pressurized gas or fluid, valve 10 can be used to permit or inhibit flow from 
that port to the other port of valve 10. 

Fig. 5 shows in greater detail a pressurized delivery system 265 according 

25 to one aspect of the present invention. Fig. 5 shows 24 valves 0-23 through which a 

common manifold is formed. The 2-port and. 3-port valves are daisy-chained by coupling 
their first and second ports together so as to form a common manifold through which 
reagent flows. Three-port valves 1-7, 9-12, and .14-22 may be, for example, substantially 
similar to valve 4 of Fig. 3. Two-port valves 0, 8, 13, 23 may be, for example, 

30 substantially similar to valve 10 of Fig. 4. The common manifold includes the through 
channels of the 3-port valves and of the on/off valves, as well as the coupling tubes 
between adjacent valves. As previously mentioned, the third port of a 3-port valve is 
controlled by a solenoid in the valve. The third port of each 3-port valve is coupled to a 
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lub e from a reagent or so>ven, reserve, re Tan** . reagent or » -d *- "» 

265. Alternatively, ,he tod port of a 3-por, valve may serve as - «. P»« fc r 
uebvering reagents .o, for example, vaive .00 of a reacoon vessel .ana. Two-por, 
are used primarily as isolation valves or argon supply valves. 

As shown in Fig. 5, .he 24 valves axe physically arranged • three separate 
» save apace. The delivery system of Fig. 5 also includes a tube 480 for 
^el* the eft ban, of valves with the center ban*. A tube 482 connects the ngh 
3 rl 8 ,he ceoter ban, Table 4 lUts the valves used in the deHvery system ^ymg 
to was of valves used and the reagent reservoir controlled by each va,ve m a typtca. 
embodiment. 
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TABLE 4 





Valve 


Tyfig 


Reservoir 


i y QOAfi (Air 

jxeservoir 
Content 


5 


0 


On/Off 


-) 


Argon 




1 


FWO 60 


400 


MeCN 




9 


FWO 60 


402 


1 % tTifhlrirnjir'Pt'ip 

X SO 11 lV^i UdL^Llv 

acid in DCM 




3 


FWO 60 


404 


Tetrazole 




4 


FWO 30 


406 


C 


10 


5 


FWO 30 


408 


T 




6 


FWO 30 


410 


G 




7 


FWO 30 


412 


A 




8 


On/Off 








9 


FWO 30 


414 


Waste 


15 


10 


FWO "30 


416 


R/ittvktn Parent 

Vessel 




11 


FWO 30 


100 


RV Banks 




12 


FWO 30 


420 


Waste 




13 


On/Off 


— 


— 




14 


FWO 60 


422 


Top Parent 


20 


15 


FWO 60 


424 


I 2 , collidine, H 2 0, 
MeCN 




16 


FWO 60 


426 


Acetic anhydride in 
THF 




17 


FWO 60 


428 


n-methyl imidazole 
in THF 




18 


FWO 60 


430 


Piperidine 




19 


FWO 60 


432 


HBTU 


25 


20 


FWO 60 


434 


DIEA 




21 


FWO 60 


436 


MeCN 




22 


FWO 60 


438 


DMF 




23 


On/Off 




Argon 



30 

For example, valve 22 is shown to be a FWO60 valve or a fast wash out 
(FWO) 3-port valve having a 60/ 1000-inch through channel. Furthermore, valve 22 
controls a reagent from pressurized reservoir 438 which, as indicated by Table 4, contains 
DMF. As a further example, valve 23 is an on/off valve controlling the flow of 
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pmssuriaed argon fro™ an argon supply source (nor shown, ro One common manifold of 

PDS 265 ' Fig 5 shows a ,ube 484 connccreo ro valve 0 for pressurizing .he common 
manifold of PDS 265 from one end. Anodte, rube 486 is connect ro valve 23 and 
pressure, .he common manifold of PDS 265 with argon from me other end. 
P As an initiation, .he operation of pressuriaed deliver, S ys,.m 265 dunng a 

peptide synmesis deprotection cycle is described beiow. For depro,ecti„n of polypeptides, 
of 10% pU«e in DMF is delivered ro me reaedon vessels in tine reacon 

JZ (PV, ban,. Tabic 4 indica.es rha. va,ve » permUs me flow of pipendme from 
, reservoir 430. Consequenfly, valve 18 needs ft open „ penni, p,pend,ne from 

ZL- ~ 430 » flow inro tine common manifoid of PDS 265. To force he 

"o en*, RV ban, valve 11. isoladon valve 8 is elosed and isolation valve 13 opens 

,o force me pressurized piperidine .o enter open RV bank valve 11. 

5 10 are cemndly loea,ed in Ore chain of valves. This amngemen, advanugeously 

Imiaes ,he Lg,h of tine maniMd section berwee, meae valvesand = ' 
valve Consequent a smalter volume of reagen, is requited ro fill up Una mamfold 
tZ .soTrion valves 8 and .3 can be elosed tin prevenl the reagen. front one end o, 
Z manifold from overshoodng RV bank vaive .1 or paren, vessel valve 10 and from 
.0 unnecessarily emering another portion of dm common mamfold. 

Table 4 also shows valves 4-7 and 9-12 to be 3-por, valves havmg a through 
caanne, dimension of 30,1<XX> inch. b ccntiaa,, «« — g valves in 
a through channel dimension of 60/1000 ineh. The reduced channel cross secnon furthe 
Ices ,he volume in a. respeedve pordon of dte maniMd. Consequendy, ,ess reagen. 
25 is needed to fill up the manifold. 

For example, nucleotides A, T, C, and G are relatively cosdy. It ts 
dnerefore desirable to keep dte vo.»me of reagen, used tin Une necessary min.mum. 
Nucleotide valves 4-7 are located proximate to RV bank exit valve U tin keep tine *«« 
paween a nucleotide valve and RV bank exi. valve 1 1 short and tine reared volume of 
30 Igen. low. The cross section of me manifold along tine pad, from any nucleotide valve 
„ RV bank exi, valve U is also kept small tin further .educn dtc volume of nucleotide 
reagen, present in tine manifo,d. In fee,, ,ube 480 of Fig. 5 as we,l as tine portion of One 
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manifold between the nucleotide valves and isolation valve 8 have a reduced cross section 
of 30/1000 inch. 



C. Reaction Vessel Banks 
5 Fig. 6 shows a simplified reaction vessel bank 500 according to one aspect 

of the present invention. For ease of illustration, tubes through which solution flows have 
been partially deleted. Reaction vessel bank 500 includes a top bracket 502, two side 
brackets 504 and 506, and two bases 508 and 510. A top reaction vessel bracket 290 
attaches to side brackets 504 and 506. A vortexing motor 300 attaches to top reaction 

10 vessel bracket 290 for supplying an agitation force to a plurality of reaction vessels 201- 
209 via a drive belt 521 . The bottom of reaction vessels 201-209 are attached to a bottom 
reaction vessel bracket 295. Brackets 502, 504, 506, 290, and bases 508 and 510 may be 
constructed from any suitable material. For ease of machining, strength, and light weight, 
aluminum is used to construct the above-mentioned brackets in the present embodiment. 

15 Bottom reaction vessel bracket 295 is attached to top reaction vessel bracket 

290 by two nonconcentric shafts 280 inside shaft housings 520. Nonconcentric shafts 280 
are rotatably mounted through apertures (not shown) in top reaction vessel bracket 290. 
Nonconcentric shafts 280 are operatively coupled to a vortexing motor 300 through belt 
521. As will be discussed later, nonconcentric shafts 280 translate the rotational force 

20 supplied by vortexing motor 300 to an agitation force for urging bottom reaction vessel 
bracket 295 to move in a circular pattern. This circular motion exerts a vortexing effect 
upon the contents of reaction vessels 201-209. Because every reaction vessel 201-209 is 
attached at its respective lower end to bottom reaction vessel bracket 295, all reaction 
vessels are agitated uniformly and simultaneously. 

25 Fig. 6 also shows a bottom bracket 522. Bottom bracket 522 is attached to 

side brackets 504 and 506 and may also be constructed from any suitable material, 
including aluminum. A plurality of amino acid reservoirs 231-239 are mounted beneath 
bottom bracket 522. The amino acid reagents in amino acid reservoirs 231-239 are used 
as building blocks for synthesizing the set of polypeptides of the specific example. The 

30 present embodiment contemplates using nine different amino acid monomers per bank for 
synthesizing the set of polypeptides. 

Fig. 6 also shows an isolation valve bracket 526 attached to side brackets 
504 and 506. Isolation valve bracket 526 includes a channel 530 for mounting a plurality 
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t^o 6 each lower manifold valve 101- 
„,!.« manifold valves 101-109. As shown m F*ft,-* 

, • u- .honn^i S30 in the present embodiment. However, «j 
,09 is secured w«h,n channel 530 n P ^^cMy available 

valves H.M09 may b. secured ,o — bmc^5 ^ ^ ^ 

m ou„,in g ha,dware or olher — — ^ ^ „ 

pon solenoid varves and are Ore same as *e3 £ ^ ^ ^ 

— from r^rr.rrr: ..so ^ * F , , n 

valveal0,C^^ 

vessels 20.-209. .solauon va,ve .10 « a ^ ^ rf 

opens ,„ a wasle line (no, shown ,n Bg. * ^ from PDS 

c„ m mon lower man.fo,d 2,4 se.ecuve.y ,n^u P--*^ ^ ^ 

^ to the rest of the common lower manifold 214. An option 
, ^LtTa.on pressure . assis, in h,e deUver, o f soludon ,o and fro, vanous 

'*~ " . - -en — — ~ « " 

a II valve block such as model P/N601374, by ABI of FosK, C,.y, 

, ^ brackets 504 and 506. A plurality of injection valves 111-119 are 
is attached to side brackets 504 and P a total of 9 

mounted through apertures in injection valve bracket 532. g 

H 1 1 19 to control the injection of amino acids from nine ammo 
injection valves lll-119tocon / valveS and are the same 

. o-^O Tniection valves 111-119 are 3-pon wicuu 

25 reservoirs 231-239. lnjecuo The first port of each 

as , h e 3-por, va,ve discussed earner in — ^TJ^, ^ ^ tajectto „ 

valve is coupled to the third port oi a employed 
accomplished wUh appropria,., siaed ,ubes such as ^ ^ ^ „ 
3„ in d,e presen, emb.in.en, M = . ^ 

each injecuon valve 111-119 permit as The ,hird porl of each 

201-209 and die ,hird port of a ,ower manifold va,ve .01-109 Tb P 
injecdon valve ,11-119 is connecleo ,o an amino acid r=se,vo,r 23,-239 
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inhibit or permit an amino acid to be injected into a stream of solution flowing between a 
lower manifold valve 101-109 and a reaction vessel 201-209. 

Fig. 6 also shows a top common manifold 212. Top common manifold 212 
includes nine manifold ports 542 for connecting top common manifold 212 to the nine 
5 reaction vessels 201-209. In the present embodiment, 1/8-inch flexible teflon tubes are 
used to couple manifold ports 542 to the top end of reaction vessels 201-209. Top 
common manifold 212 also includes a first end port 544 for connecting with a parent 
vessel (not shown in Fig. 6) where the beads from individual reaction vessels 201-209 are 
pooled and mixed together. A second end port 546 connects top common manifold 212 

10 with a 3-port pressure/ vent valve (not shown in Fig. 6). The pressure/vent valve and 
second end port 546 provide another route through which pressurized argon, solutions, 
reagents, etc., may be supplied to top common manifold 212. Alternatively, the 
pressure/vent valve and second end port 546 provide an additional route through which 
pressurized argon, solutions, etc., may be vented from top common manifold 212 to the 

15 appropriate reservoir. 

An alternative arrangement for the reservoirs 231-239 is shown in Fig. 6A. 
Instead of employing a single group of reservoirs, e.g., reservoirs 231-239, a plurality of 
groups of reservoirs can be provided, e.g., 231a-239a, 231b-239b, etc. The reservoirs are 
held within a rotatable carousel 1000. The reservoirs are open at a top surface 1002 of the 

20 carousel 1000 so that the reagents held in the reservoirs can be accessed from the top 

surface 1002. The carousel 1000 is held within a pressure vessel (not shown) so that each 
of the reservoirs are subjected to the same pressure within the pressure vessel. To transfer 
the reagents in the reservoirs to the reaction vessels 201-209, a plurality of tubes in 
communication with the tubes 241-249 are disposed within the pressure vessel. The tubes 

25 within the pressure vessel are placed into the reservoirs of a selected group of reservoirs, 
e.g., reservoirs 231a-239a. The tubes can be placed into the reservoirs by translating the 
tubes toward the reservoirs or by translating the carousel 1000 toward the tubes. The 
carousel 1000 is rotated to align the tubes with the selected group of reservoirs. The 
pressure within the pressure vessel is such that a pressure gradient exists between the 

30 reservoirs and the tubes 241-249. When the tubes are placed into the reservoirs, and when 
selected valves 111-119 are opened, the pressure gradient drives the reagents in the 
reservoirs into the tubes 241-249 for delivery to the reaction vessels 201-209 as previously 
described. The carousel 1000 thus provides flexibility to the synthesizer by allowing the 
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magenrs » be sdectively chosen from a vane* of different reagents, e.g. , al.ow.ng a 
differ™, set of building blocks .o be used a, eaeb synthesis step. 

Fig 7 shows in greater detail the interconnecttons among an amtno actd 
™, 231 239' an injection valve 111-119. a lower manifold valve 101-109, and a 

5 ~v r-- - *~ — — - — - r,:::! . 

■hree-port valve, is creeled to common tower manifold 2,4 so as ,0 perm,. . «*-»» 
ZZ* between me firs, port and me second port of tower manifoto valve 10 The 
lid port of tower manifoto va!ve ,01 is connect via ,ube 271 ,0 either me firs, or 

of me 3-port injection valve Ul. Tbe omer port of eimer me flrs, or second 
,„ ^^l TO ,ed«,o K e»do f reae ti o„vesse,201v i .mbe24,. The orner end of 

Ltion ve.se! 201 is connect » a manifold port 542 of top common man,fo,d 212 no. 
IT* * 7, via a rube 221. Tubes 271, 24,, and 22, are made from a chemmafly 
^In. maLl such as teflon, to fee,, me present embodrmen, emptoys transtocent 
P^Tand FEP .eflon tithes of various ooss-sectiona, dimensions throughout because of 
,5 ,he tow reactivity and optical changes of me aanstocen.mflonma.enal. 

Amino acid reservoir 23, is pressurized with an inert gas such as argon v., 
wb e 562. The pressured amino acid aototion in amino acid reservoir 231 enters the thtrd 
port of 3-port injection valve ,11 through tithe 560. Xlpon receipt of an appropnate 
Imand tojection valve 111 opens „ permit me pressuriaed amino actd sotouon ,o enter 

20 the through channel of injection valve 111. ... 

Fig 7 also shows two option, sensors 111S and, 0,S. Opucal sensors 111S 

and ,0,S d«ecr Urn presence or absence of a tiquid within substantia,,, translucent teflon 
:l 27, and 241. As shown in Fig. 7, optiral senaor U1S ia positioned below .njectton 
and optica, se^or ,0,S is positioned betow reaction vesse, 20,. Dam rom 
25 optica, sensora HIS and 101S are sen, » a contro, computer (no. shown m F.g. 7, 
in controlling various phases of <he synthesis reaction. 

Fig g shows in greater daail Ore nonconcentric agttator 280 of Fig. ,. 
Nonconceutric agimtor 2g0 includes » cystica, shafts 564 and 568 coupled ,0 a 
cyhndrtca, knuckJe 566. Shaft 564 ahgns longimdinany with the radtai axts of cyhndnca, 
30 klkto 566 and is coupled a, one of me rwo p^nar surfaces of cylindrical knuckle » 
Shaft 568 is coupled » tite odter ptonar surf*e of cylindrical knuckto 56 and ts o f se 
ta. the mdia, axis of cylindrica, knuckto 566. to one embodiment, shafts 564 and 568. 
and cylindrical knuckle 566 are machined from a single piece of metal stock. 
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When cylindrical shaft 564 is torqued to rotate within a fixed rotary support 
such as a roller bearing, cylindrical shaft 568, which is offset from the axis of rotation of 
cylindrical shaft 564, moves in a circular path around the axis of rotation of cylindrical 
shaft 564. More than one nonconcentric agitator 280 may be operatively coupled, for 
5 example, by a belt-and-pulley arrangement to allow a plurality of nonconcentric 
agitators 280 to move in unison. In the present embodiment, shafts 568 of two 
nonconcentric agitators 280 are connected to a single bracket to move the bracket in a 
circular path when shafts 564 are rotated. Furthermore, shafts 568 and vortexing motor 
300 are designed to move the bottom of each reaction vessel in a circular path at 
10 approximately 1500 revolutions per minute. To prevent damage to beads, the circular path 
of the present embodiment is preferably limited to a radius of approximately 3.5 mm. 

Fig. 9 shows in greater detail the upper portion of the reaction vessel bank 
500 including reaction vessels 201-209 and vortexing motor 300 of Fig. 6. As discussed 
in connection with Fig. 6, reaction vessel bank 500 includes a plurality of reaction vessels 
15 201-209 connected to top bracket 290. Top bracket 290 has a plurality of apertures 630 at 
which reaction vessels 201-209 connect. A teflon tube from above the aperture (not 
shown) connects to the upper end of each reaction vessel 201-209 at aperture 630 in a 
manner that permits a fluid to flow freely between the teflon tube and reaction tube 201- 
209. 

20 The lower ends of reaction vessels 201-209 are connected to lower reaction 

vessel bracket 295. Figs. 10A and 10B show in greater detail a bottom view of the lower 
reaction vessel bracket 295 of Fig. 6. Fig. 10A is a close-up bottom view of a portion of 
lower reaction vessel bracket 295. 

Fig. 10B shows a plurality of channels 650 in lower reaction vessel bracket 

25 295. A flexible and substantially translucent teflon tube (omitted from Fig. 10B for ease 
of illustration) extends from the lower end of each reaction vessel 201-209 (also omitted 
from Fig. 10B for ease of illustration) and fits in a channel 650. A groove 652 for 
mounting an optical sensor is associated with each channel 650. Groove 652 is clearly 
illustrated in Fig. 10A. 

30 Fig. 10B shows a plurality of mounting holes 654 for securely fastening 

optical sensors to lower reaction vessel bracket 295. Also shown in Fig. 10B is a plurality 
of optional holes 656 for reducing weight. As discussed earlier, lower reaction vessel 
bracket 295 follows the motion of the nonconcentric agitators in a circular path to vortex 
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, he con.cn* of .he reaction vessds. Opdonal holes 656 tnav be machined •»»* >~ 
Lction vessel bracket 295 .o reduce the mass of the bracket, .hereby reducmg Ok amount 

of power needed to move the bracket. 

A through hole 658 near each end of lower reaction vessel bracket 295 
connecrs a nonconcentric agitator 2 8 0 to .ower reacdon vesse, bracket 295^ ^te lower 
ends of reaction vessels 201-209, which are extended b, flexible teflon tubes 241-249 to At 

of ,ower reacdon vessel bucket 295. As ,„wer reacdon vessel bucket 295 moves tn a 
circular path, .he contents of all reaction vessels 201-209 in a reacuon vessel bank arc 
vortexed in a parallel manner. 

Fig 9 also shows optional nonconcentric agitator housings 520 for fitting 
over nonconcentric agitators 280. Optional nonconcentric agitator housings 520 enclose 
the nonconcentric shafts within a hollow cylindrical housing to prevent possible injury to 
hum an users and damage to equipment when the nonconcentric shafts are in mouo. 

The present embodiment uses a stepper motor (Model PX245-01AA by 
Oriental Motor U.S.A. Corp. of Torrance, California) along with a stepping motor 
controller (Model RD122 by Semix Corp., of Fremont, California) for supplying the 
rotational force to the nonconcentric agitators. As shown in Fig. 9, three puUeys 670, 
672 and 674 cooperate with vortexing motor 300 and two drive belts 521 and 676 to 
rotate the two nonconcentric agitators 280 in unison inside optional nonconcentric agttator 
housings 520. Although the present embodiment utilizes a stepper motor and a stepping 
mo tor controller, the rotational force may be supplied by any other suitable type of 
motors, including other electrical or pneumatic motors. Furthermore, the force supplied 
by vortexing motor 300 may be transmitted to nonconcentric agitators 280 by any su.table 
transmission means including chains and sprockets, pulleys and belts, gears, etc. 

Fig 1 1 A shows a representative optical sensor 680 for use in detecting the 
presence or absence of a fluid within a substantially translucent teflon tube. Optical sensor 
680 is the same as optical sensors 101S-119S of the present embodiment. Optical sensor 
680 (Model EE-SX671 by Omron, Inc. of Schaumburg, Illinois) includes two forked ends 
) 682 and 684 for housing a light transmitter and a collector, respectively. Optical sensor 
680 also has a body 686 for housing the appropriate electronic circuitry to transmit sensor 
data to a control computer and for attaching optical sensor 680 to a bracket. 
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Fig. 11B shows in greater detail forked ends 682 and 684 of optical sensor 
680. Located at the interior surface of forked end 682 is a substantially rectangular 
transmitter 685 for transmitting light to a substantially rectangular collector (not shown in 
Fig. 11B) in the direction of arrows 688. The collector is located at the interior surface of 
5 forked end 684 and is likewise of a substantially rectangular shape. To detect the presence 
of a fluid within a substantially translucent teflon tube, the teflon tube is fitted through the 
gap between the two forked ends 682 and 684. When a fluid is present within the 
substantially translucent teflon tube, the collector is triggered signifying detection of a fluid 
within the teflon tube. 

10 In practice, it was discovered that the substantially translucent teflon 

material may, when empty, cause optical sensor 680 to fail to trigger. To advantageously 
use common optical sensors to sense the presence of a liquid inside a substantially 
translucent tube, a novel optical alignment block is used. Fig. 11C shows in greater detail 
an optical alignment block 690. Optical alignment block 690 is made of an opaque 

15 material which substantially blocks any light emitted by transmitter 685. Optical alignment 
block 690 includes two retaining walls 692 and 694 at a first surface 696 for frictionally 
engaging block 690 with one of the forked ends of optical sensor 680, and to securely hold 
optical alignment block 690 between the forked ends. In one embodiment, retaining walls 
692 and 694 are designed to engage the collector forked end 684 of Fig. 11B. 

20 Optical alignment block 690 also includes a channel 698 built into a second 

block surface 700. Second block surface 700 is the surface opposite the above-mentioned 
first surface 696. The axis of channel 698 is orthogonal to retaining wall 692 and 694. 
Channel 698 is sized to grip the teflon tube snugly. As a result, the teflon tube is secured 
within channel 698 and is aligned at a right angle with respect to the above-mentioned 

25 transmitter strip 685 when optical alignment block 700 is fitted into the gap between 
forked ends 682 and 684. * ...... 

Fig. 11D shows an aperture 702 located along the center line of channel 
698. Aperture 702 permits a small amount of light to travel through optical alignment 
block 690 along its bore between first surface 696 and second surface 700. When a 

30 substantially translucent teflon tube such as rubes 241-249 or 271-279 is fitted snugly 
within channel 698, the axis of aperture 702 runs through the center of the teflon tube. 
The shape and size of aperture 702 is a function of the optical properties of the tubes. 
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When opdcal alignment block 690 is fifed between forked ends 682 and 684 

i0 the manner shown in Fig. OA. <*>"> — — ™ ™ 
W a substanually tube 704. Mos t of .he Ugh. is Mocked b, opual 

biock 690 after passing through tube 704. Some of the Ugh, 
J. 704 reaches aperture 702 (hidden from view in Fig. UA, and uavels along me bore 
of aperture 702 to reach the collector within forked end 684. 

Since the axis of aperiure 702 runs Utrongh the center of substaoually 
recent babe 704. Ugh, passing through the center of ft. tube reaches a porU<- of the 
eoflector in forked end 684. Since Ugh, going rhrongh empty rube 704 „ 
insufficient amoun. of light reaches the collector to bagger the sensor. When a flutd ts 
present within transhacen, teflon tube 704, Ught paasing Utrough «te H tube ta foc„*d 
y th. fluid wtthin. The focused light enters aperture 702 front the direcuon of forked end 
682 to trigger the collector in forked end 684. When a fluid is absent, One focusmg effect 
a I!! ponced. Consent*, less light enters aperture 702. .» <*,, when 
fluid in Kflon tube 704, there is insufficient hgh. passing through aperture 702 <o tngger 

the collector in forked end 684. 

As discussed earlier, optical alignment block 690 is siaed to snugly grtp 
teflon tube 704. When opbca. alignmen. block 690 is A.ted hehveen forked ends 682 and 
684 me .eflon ,ube is secure* gripped, as shown in Fig. UA, by opbcal sensor 680 and 
, block 690. By securing opbca! sensor 680 ba a bracket, .eflon babe 704 is .hereby secured 
,„ the bracke.. In thia manner, the teflon tubes 241-249 ex«ending from Use bottom of 
reaction vessels 20.-209 of to embodiment are secured to the bottom reaction vessel 

bracket 295. „ f th . 

As shown in Fig. 12, a reaction vessel such as reactron vessel 201 of the 

5 pre sent embodiment consists of a segment of FEP teflon tube 710. Tube 710 has an 

outside diameter of 1/4 inch and an inside diameter of 0.19 inch. As descnbed m greater 
detail hereinafter, the diameter of tube 710 can alternatively be made much larger for 
applications where two or more reagents are simultaneously mixed in the reacuon vessel 
201 Tube 710 is sealingly coupled with a flexible teflon tube 271. Flexile teflon tube 

30 271 is secured to lower reaction vessel bracket 295 of the reaction vessel bank. As the 
lo wer reaction vessel bracket 295 moves in a circular motion, the bottom of theflex.ble 
teflon tube 271 follows the circular motion described by the bottom reaction vessel bracket 
295 to vortex the contents within tube 710. 
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In this embodiment, tube 271 has an outside diameter of 1/8 inch and an 
inside diameter of 1/16 inch. Fig. 12 shows a tube connector comprising a first coupler 
714, a second interconnector 716, and a third coupler 718 for sealingly connecting tubes of 
different cross-sectional dimensions together. The aforementioned tube connector is 
5 available from Norton, Inc. of Akron, Ohio. There is a frit or filter 1 102 (hidden from 
view in Fig. 12) located at the bottom end of tube 710 for preventing substrates within 
tube 710 from entering flexible tube 712. The frit may be, for example, 2 micron titanium 
frit. 

At the other end of tube 710, a fourth coupler 720, a fifth interconnector 

10 721, and a sixth coupler 722 sealingly connect tube 710 to a tube 221. The couplers 720 
and 722 as well as interconnector 721 are necessary because tube 221 of the present 
embodiment has different cross-sectional dimensions from tube 710. Tube 221 connects to 
a manifold port 542 of top manifold 212 (not shown in Fig. 6). 

A flexible O-ring 724 is fitted within a hole 726 in bracket 290 (shown in 

15 Fig. 12 in a cutaway view). O-ring 724 flexibly grips coupler 722, thereby flexibly 

securing reaction vessel 201 to bracket 290. When the bottom end of reaction vessel 201 
is agitated, O-ring 724 serves as a pivot point and holds the top end of reaction vessel 201 
relatively immobile to enhance the vortex effects. 

As shown in Figs. 12A and 12B, the reaction vessel 201 in one particular 

20 embodiment can optionally be provided with a temperature control jacket 1 100 for 
controlling the temperature of the reaction vessels 201-209. The temperature control 
jacket 1100 in this embodiment includes a fitting 1104 for connecting the reaction vessel 
201 to the lines 221 and 241 (not shown). Inlet/outlet ports 1106, 1108 are provided for 
supplying a thermally conductive fluid to the reaction vessel 201. The thermally 

25 conductive fluid can be used to either heat or cool the reaction vessel 201. In this 

embodiment, the-reaction vessel 201 is formed from a teflon tube 1110, preferably having 
an outer diameter of 1/4 inch and a wall thickness of 1/32 inch. Spaced-apart from the 
tube 1110 is an outer tube 1112, preferably constructed of teflon and having an outer 
diameter of 3/4 inch and a wall thickness of 1/32 inch. The outer tube 1112 is positioned 

30 over the fitting 1104 to form an annular space 1114 for receiving the thermally conductive 
fluid. O-rings 1116, 1118 are placed between the outer tube 1112 and the fitting 1104 to 
form a fluid tight seal. In this way, the thermally conductive fluid can be introduced into 
the annular space 1114 through either of the ports 1106, 1108 for heating or cooling the 
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reaction vessel 20,. The pons , ,06. UOS a!so allow - — — » - <° " 

— trr ^ 

fM med temperature control ^t . » . shown * ™™ 
3 ve.se, ,.20 — — — , " ^ "li-et U22 is also 

— 1120 tr;r n^oXs «- 

p „ fe rab, y --^-^ u 1 1 fori as an in-egra. The reacbon vessel 

the temperateie control jacket ^ ^ ^ ^ ^ 

„20 indudcs a fri, 1.24, and connecuo s - ^ ^ 

,„ 24. (no, shown). ln.ebo„Ue, pons « « -M^ ^ ^ ^ 

^rrrrrn"— „j— ~- 7. 

vessel 1120. Hoseoaros , thermallv conductive 

^ inn 1132 to a suitable fluid source. In this way, tnermaiiy c 
inlet/outlet ports 1130, 1132 to fl ^ 

fluid can be circulated through the annular space 1134 to heat 

15 H20. 

_ .esse, 2O0 has, for cample, a ^ — ^ ^ ^ 

Z, near the bottom of paten, vesse, ,00 ,o prevent substrates ^ 
There is a removable cap 743 fined on the top end of parent vesse! 200 for addtng 

• , Tube 215 fitted through cap 743 transfers material between parent 
removng marenal. Tube 1 fined I ^ ^ .„ f . g , 3) 

25 vesse, 200 and top «- -nam™ K » ^ „ ^ exKnds 

Tube 215 attends through cap 743. A pressunzeu s aeliverine 
through cap 743. An opuonal rinse line 281 connects * a solvent source for debvenng 
through cap ^ 5 ^ ^ ^ mtenor walls. 

4 T ~ <wo capacbive sensors 90S and 99S (Mode, ,8-OS b, 
, rvmnol Corp of Hoffman Estates, Illinois) mounted near the extenor of 
30 '"I m ~ capacffive sensors 90S or ,5S detects dte presence of a ,,£d in 
ZZ Z and — sensor data to a conbo, computer (not shown) v a wnes 756 and 
S rasfitive,,. Capacibve sensor 99S is used for detecdng .be .eve, of raagents added 
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to the parent. Capacitive sensor 90S is for detecting the level of bead suspension for 
redistribution. Both sensor levels can be adjusted according to amount of beads and the 
number of reaction vessels used. The capacitive sensor data is utilized by the software to 
control various cycles of the synthesis process. 

5 

E. Control System 

1 . Control Computer 

The automated synthesizer utilizes a control computer to acquire data from 
the sensors, and to control the valves and the vortexing motor during the various cycles of 

10 the synthesis process. When used in conjunction with the automated synthesizer, any 
computer including those popularly known as microcomputers, minicomputers, 
workstations, mainframes, and the like, may be used to process the sensor data and to 
issue commands to control the valves and the vortexing motor. 

Furthermore, sensor data from the sensors in the synthesizer may be 

15 acquired by any number of commercially available data acquisition devices using common 
data acquisition methods. Likewise, the valves and the vortexing motor may be 
controlled, responsive to an appropriate computer command, by commercially available 
input/output controllers. 

In one embodiment, an IBM-compatible microcomputer (also known as a 

20 personal computer or PC) is used as the control computer (Model Gateway 2000 4DX2- 

50V, by Gateway 2000 Inc. of No. Sioux City, South Dakota). Within the PC, there are a 
plurality of expansion slots permitting the addition of various expansion boards. These 
boards tap into the bus resources of the PC and permit the PC to communicate with the 
circuitry on the card to perform an electronic function. Certain expansion boards also 

25 permit the PC to communicate with external devices and circuitry. For example, a board 
popularly known as a modem board plugs. intq an. expansion slot on a PC and permits the 
PC to communicate with another computer having a modem. The use of expansion boards 
with a personal computer is a matter of common engineering knowledge. 

In one embodiment, the automated synthesizer communicates with the PC 

30 via a multichannel digital I/O board (Model PCDIO120-P by Industrial Computer Source 
of San Diego, California). The specification of the PCDIO120-P board is described in 
detail in Product Manual No. 00431-050-20A which is also available from Industrial 
Computer Source. 
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■^ nr. channels of buffered inputs/outputs (I/O) in 
Each PCDIO120-P provides 120 channels oi ou v 

* a rh 14 channel group is controlled by a programmable 
five 24-channel groups. Each 24-channel g p 

peripheral interface (PPD 8255A chip. The channels are selectable in 

input or outpu, simpufied ^ ^ a ^ Qf ^ control hardware^ A 

„ „ the PC having a plurality of expansion slots, connects to a display 
computer 760, such -^^^ I/Q board 766 is inserted into one of the 
monitor 76, ^ a ^^J^ with five roller circuits 768. Bach 
expansion slots to penmt the P yia a ^ channel 770. In 

capability to service 24 I/O channels. 

2 Controller Circuits 

The output signals from I/O board 766, Wically .5 -A of source «- 

^ 24 mA or « current, « — to r — 

circuits 768 convert rhe ou»u. signaU ^'"^^UerLuU 
signais having ade,ua,e power ,„ acrually ^«™^ 6 1 in rum outputs 
768 has the capability to receive 24 output signals from I/O board 76 
24 power signals 77. ,o cnntro. varioua devices of the synthesize, The 24 power 
r 771 of each controller circuit 768 are shown in Fig. 14. 

' Each controller circuit 768 also provides a centml physical —-»» 

„ hich sensor da, front up to 24 sensor lines, one for each 
from up ,o 24 different sensors may be received b, a sensor port 772 on each CO 

, CirCU " 768, Thus, each controller circuit 768 can service up to 48 I/O channels, 24 
inputs and 24 outputs, of I/O board 766. rig. 15 shows a e 
Irroller circuit 768 according <o one aspec, of the present invenho, A 50-P hea^e 
78, connects die controller circuit 768 to I/O board ,66 fnot shown mFig 1**^ 
781 is an input header and is connect via a bus 780 u> a sensors por. 772 Sensors po 

30 Z IZl headers or connecrors for conneebng confer eircui, 768 = * 

mpm devices such as sensors. Each conductor on bus 780 cames a signal from « sensor 
" input header 781. Pig. 15 also shows an optional L ED bus 784 for carrying LED 
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indicator signals from sensors port 772 to an optional bank of light emitting diodes (LEDs) 
786. Each conductor in optional LED bus 784 carries a signal to one LED in bank 786. 

Fig. 15 also shows another 50-pin header 788 for connecting controller 
circuit 768 to I/O board 766 (not shown in Fig. 15). Header 788 is an output header for 
5 receiving output signals from I/O board 766. A bus 790 carries up to eight output signals 
from header 788 to an octal inverter 74LS240 chip 792. Octal inverter 74LS240 chips 792 
are manufactured by Texas Instruments, Inc. of Dallas, Texas. A bus 794 carries the 
inverted buffered output signals from chip 792 to an octal latch driver 796. Latch driver 
chips 796 are Model MIC59P50, manufactured by Micrel, Inc. of San Jose, California. 
10 Output signals from each latch driver chip 796 are connected to an output port 798 via a 
bus 800. An optional LED bus 802 carries LED indicator signals from chip 796 to an 
optional bank of light emitting diodes (LEDs) 804. Each conductor in optional LED bus 
802 carries a signal to one LED in bank 804. 

15 3. The Valves 

The solenoid valves such as, for example, valves 4- 7, 10, 14, 90-91, 100- 
121, and 129, used in the present embodiment are normally closed unless commanded to 
open. Consequently, the default state for all valves in the synthesizer is off. Safety is 
ensured because no material is permitted to flow when the synthesizer is in its default 

20 state. When open, valves use power and heat up. Besides the obvious drain on the system 
power, hot valves may adversely affect the chemicals passing through their ports. Because 
it normally takes a greater amount of power to open a solenoid valve than to keep an 
already opened valve open, a strike relay such as, for example, a model D1D20 by 
Crydom, Inc. of Long Beach, California, is used to operate the valves. A strike relay 

25 such as the D1D20 supplies +12 volts to a valve for a specified period of time, typically 
100 milliseconds, to open the solenoid, valve from the off state. The period of time during 
which the strike relay supplies 4-12 volts can be specified through software control, and 
the strike is supplied via an I/O channel. Thereafter, the strike relay supplies a reduced 
voltage, typically half the rated voltage or approximately 6 volts in the present 

30 embodiment, to keep the solenoid valve open. Consequently, less energy is required to 
operate the valves and less heat is produced. 

The present invention provides for four separate power supplies. A first 
power supply outputs +5 volts to power the TTL chips such as those found on controller 
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i +32 volts for use by the stepper motor. A 

power supply also provtdes + 12 volts for «>y 

supply for the valves ensures that any noise generated by the valves as they p 
dne , not interfere with sensor operation. 

in «s default s**, all valves arc closed. As an additional safel, measure 
- « fcrther provides for a soUd state watchdog relay - sou, off all valvea .n the 

iTdre con.ro. computer malfunctions. A solid « wa,chdog relay such as a Mo*. 
r^TS b, Brente* .mernationa. (available from .ndustria! Comparer Source o s- 
ZZZL* la i-rposed between Ure control comparer and dre power supp* to d,. 
JLi A software-genemKd pu.se is — ed from the contro, comparer »** 
watchdog relay on me of the I/O channe., When the pulse is absent, e.g. , upon CPU 
^ teh-up or power faOure, the watchdog relay shuts down the power supply for the 
valves, thereby closing all valves. 

F. Control Software 

The control software will now be discussed in detail with reference to the 
now charts o, Figs. 16-24. now eha«a illustrate dte commands issu* .by the 

eontro, computers or compledng relevant phases of the synthens process. To sunphfy the 
, CL„ blw, it is assumed that a. ail re,evan t dmes, the valves of the P~d 

ZZ, sysrem receive dte appropriate commands from the control computer to dehver the 
desired reagent to the reaction vessel bar* valve. 

Kg 16 is a flow Chan tiluarating the combination of commands tssued by 
Ute control computer for draining reaction vessels 20,-209 of their content. Before 
5 fining, reaction vesse,s 20.-209 contain a liquid or a bead suspense. An *gon supply 
valve 121, connect to lo P common manifold 2.2, receives an open «— 
,o pressurize ,op common manifold 212 with argon. A, the same time. selected 3-port 
vies ,0.-109 open pemti. a li„uid flom reaction vessels 20.-209 to enter ,ower 
,nani f o,d 2.4. On,y selected valves 20.-209 open because no, afl rcacuon veasels 20.-209 
» TulduHng sol coupting reactions. 

svndtesis session, .here is no need «, drain its content, Waste valve .10 tn bouom 
Lm 2.4 opens U, permit fluid exit. As a consequence of the pressure dt— 
argon pressure pushes fluid ftom reaction vesse,s 20.-209, through lower mantfold 214, 
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and out waste valve 110. When sensor 110S turns off, signifying that no liquid is left to 
drain, the valves stay open an additional 2-5 seconds to ensure all liquids are drained from 
the reaction vessel bank. 

Fig. 17 depicts the combination of commands issued by the control 
5 computer to clear lower manifold 214. At the start step, there is material in lower 
manifold 214. Thereafter, isolation valve 100 opens to permit pressurized argon from 
PDS 265 to enter lower manifold 214. Simultaneously, waste valve 110 opens to vent 
material from lower manifold 214. Material exits from lower manifold 214 until no 
material is left. The valves return to their default state when optical sensor 110S detects 

10 no material in the waste tube. 

Fig. 18 shows the set of commands issued by the control computer to mix 
the contents of parent vessel 200. The system introduces argon into parent vessel 200 
from below to mix the contents. The argon bubbles agitate the contents of parent vessel 
200 as they rise from the bottom of the parent vessel to the surface of the contents inside 

15 the parent vessel. Again, all valves which have not been expressly commanded to stay 
open are in their default state. Valve 100 opens to introduce pressurized argon from PDS 
265 to the bottom of the parent vessel to agitate the contents within. Valve 90 also opens 
to vent argon from the parent vessel. Valves 100 and 90 return to their default state after 
approximately 15 to 30 seconds. 

20 Figs. 19A and 19B depict the sequence of commands issued by the control 

computer to allocate bead suspension from the parent vessel to the various reaction vessels. 
The sequence of commands implements a volumetric technique for filling the various 
reaction vessels with the bead suspension. Using this approach, the reactions vessels are 
filled with little dependence on flow rate. Thus, as will be seen, the bead suspension is 

25 distributed evenly among the reaction vessels regardless of the distance between that 

reaction vessel and the manifold port through which the bead suspension enters. At the 
start of the allocation cycle, the reaction vessel bank contains only argon, and the parent 
vessel contains a bead suspension at step 852. 

At step 854, the reaction vessel bank is partially filled with DMF to displace 

30 the argon that exists in the reaction vessel bank prior to the reallocation phase. Isolation 
valve 100 opens to permit pressurized DMF to enter the lower manifold from the 
pressurized delivery system. Valves 101-109 open to permit DMF to rise toward the 
reaction vessels. Valve 120 opens to vent argon from the top common manifold. Valves 
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,00 101-109, and 120 return, preferab!, in series, to their default sure after a 

W are men nrixed to dish-dge bubb^ Valves 100-109 ^ 
A, the expiration of Otis preprogrammed rime penod, Ihe level 

„„„„ v «„i s wUl be near the top common manifold 212. 
5 249 leading to tite reacuon vessels wdl ^ ^ ^ ^ ^ 

The reaction vessel bank ana pareni 
step 858 Valve 100 opens to permit pressurized DMF to enter the reaction vessel bank 

PDS 265 Valves 101-109 open to continue filling the reaction vessel bank with 
from PDS 265. Valves 10 P ^ ^ ^ ^ 

DMF Valve 129 opens to permit the UMt- wmui 

t ,^1 200 Valve 90 also opens to vent the displaced argon from parent 
L0 enter parent vessel 200. Valve 90 P* ^ ^ ^ ^ ^ 

„o^i onn The filline conunues unui me ievei ui nu± K 
vessel 200. The filhng ^ ^ ^ ^ 

level of upper capacUive sensor 99S when ^ 

The reaction vessel bank is then completely filled. Farem vc 
envelope. The reacuon ve> 101-109 then 

approximately the level of second capaauve sensor 99S. Valves 90, 

opens to pressure Jcommon manifold with pressure argon ™ ~ » 
pe.it D MF to enter the parent vessel from the top — ^J^^L fa 
vent . e disp^argon £ * ^ fc _ a „ 

20 thereby transferred to the parent vessel, m y „„ mmfv1 time 

volume to acoep, tite addition* DMF ^liT^T — 

neriod of for example, about five seconds, valves 90, 121, and 

aep S64. Tbe preprognunmed dme peri* is variable bu. must erpsa. or exceed 
the time it takes to clear the top common manifold of DMF. 

Had rhe reaction vessels no, been prefilled wish DMF pnor to dre 
induction of me bead suspension, i.e., had me reaction vessels been empry, an uneven 
distribution of bead suspension would occur. If the reaction vessels were empry, the 
"esse, which is the Coses, to the manifold port through which tite bead suspenaon 
^ from me parent vessel would fil, up firs,. There may be no bead suspend .eft for 
30 some reaction vessels if a few were allowed ,0 fill up excesstvely. 

Thepresen, invention employs a nove, metitod for conuofitng tite volume a 
which a reaction vesse, accepU me bead suspension. Firs., a, s,ep 86b, a sma» - 
^on is introduced ,o dte ,op of each ,ube which conneca Ute reaction vessels ,o me ,op 
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common manifold. To create this argon bubble, valve 121 opens to permit pressurized 
argon to enter the top common manifold. Selected valves 101-109 open in series to permit 
some DMF to drain from the reaction vessels to the lower manifold. Valve 1 10 opens to 
vent the displaced DMF from the bottom manifold. After about 0.3 seconds, a small 
5 column of argon appears at the top of the tube which connects the reaction vessel to the 
top common manifold. Valves 101-110, and 121 then return to their default state at step 
868. 

At step 869, the bead suspension in the parent vessel is mixed in preparation 
for distribution among the reaction vessels. The commands associated with this step are 

10 similar to those discussed in connection with Fig. 18. Valves 10 and 90 then return to 
their default state at step 870. This step ensures that a homogeneous bead suspension is 
evenly distributed among the selected reaction vessels. 

A portion of the bead suspension is then introduced to the top common 
manifold at step 871. This step is timed according to a preprogrammed time period so that 

15 the bead suspension that enters the top common manifold displaces most of the argon 

existing within the top common manifold without flowing past the manifold port into which 
the last reaction vessel tube, e.g., the reaction tube associated with sensor 109S, connects. 
A preprogrammed period of about 0.5 seconds has been found to be satisfactory. To 
introduce this portion of the bead suspension to the top common manifold, valve 91 opens 

20 to pressurize the parent vessel with argon. Valve 129 opens to permit the bead suspension 
to flow into the top common manifold. Valve 120 opens to vent the argon existing in the 
top common manifold. After the expiration of the previously discussed preprogrammed 
time period, valves 91 and 120 return to their default state at step 872. Most importantly, 
valve 129 continues to stay open to prevent beads and polymers from being damaged due 

25 to the closing action of the valve. In the present embodiment, 2-port valve 129 continues 
to receive the command signal from the control computer to stay open in the manner 
discussed earlier. However, valve 129 may be a latch valve which toggles between the 
open and shut states upon receipt of a command pulse from the control computer. If valve 
129 is a latch valve and is already open, no action needs to be taken by the control 

30 computer to keep latch valve 129 open. 

Fig. 19B is a continuation of Fig. 19A. After some argon which existed in 
top common manifold 212 has been displaced, the rest of the bead suspension is 
transferred to top common manifold 212 at step 874. Valve 91 opens to pressurize parent 
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valve 129 which has been kept open permits the pressurized bead 
vessel 200 with argon. Valve 129 wh o to permit ^ 

suspension to enter top common mamfold 212. SeleCted Valve 110 opens to 
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30 ' e " ,P ' 0,e< '' The rinsing cycle is initiated by showering the interior wans of the parent 
vessel a, step 8,0 with r>MP spmys to loosen any bead ^^IZL, 
have cling to .he wall. Valve 14 opens to permt. sprays of DMF to wash dow 
have enng iu Mrmt vessel The intenor wall 

Valve 90 opens to vent the replaced argon from the parent vessel. 
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continues to receive sprays of DMF until the level of DMF in the parent vessel rises to the 
level of lower capacitive sensor 90S and turns it on. This sensor data is received by the 
control computer which promptly issues a command at step 892 to return all valves except 
valve 129 to their default state. The contents of the parent are then stirred by argon 
5 bubbles in the manner previously discussed. 

Alternatively, the parent vessel may be rinsed by refilling it with DMF and 
then mixing it to loosen any bead suspension residue which may have clung to the interior 
walls or frit of the parent vessel. First, at step 884 the parent vessel is refilled with fresh 
DMF. The refilling is accomplished by opening valve 10 to permit DMF to enter the 

10 parent vessel from the pressurized delivery system. Valve 90 also opens to permit 

displaced argon to exit the parent vessel. When the level of DMF in the parent vessel 
rises to the level of the top capacitive sensor 99S, top capacitive sensor 99S is turned on. 
This sensor data is received by the control computer which promptly issues a command at 
step 886 to return all valves except valve 129 to their default state. The parent vessel is 

15 then mixed at step 888 by introducing argon bubbles to the parent vessel in the manner 
previously discussed. 

The mixture of DMF and bead suspension is then transferred to the reaction 
vessels at step 894 by opening valve 91 to pressurize the parent vessel with argon and to 
transfer the mixture to the top common manifold through valve 129 which has remained 

20 opened through out the rinsing process. Selected valves 101-109 open to permit fluid to 
flow from the reaction vessels to the lower manifold. Valve 1 10 opens to drain DMF 
from the bottom manifold. The frits at the bottom of the reaction vessels strain all beads 
inside the reaction vessels. Eventually, the parent vessel is drained. Sensor 120 turns off 
when no fluid is present in the tube connecting the parent vessel with the top common 

25 manifold. This sensor data is communicated to the control computer to signify that no 

fluid is left in the parent vessel to transfer.- .The control computer continues to open valve 
91 for another 5-10 seconds to pressurize the top common manifold and to move any 
remaining mixture into the reaction vessels. After 5-10 seconds, all valves except valve 
129 are returned to the default state. One rinse cycle is completed. 

30 As discussed earlier, a plurality of rinse cycles may be employed to ensure 

that substantially all bead suspension from the parent vessel is transferred to the reaction 
vessels. Two to three rinse cycles have been found to be satisfactory. 
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When al. rinse cyCes are eomp.e.ed, all valves including valve 129 are 
relurae d to the default su.e a, s,ep 896. No,e *. valve 129 remains open .hroughou, 

damage .o beads and polymers. The reacrion vessei ban* is .hen dramed of aU flurds 

the manner earlier discussed at step 898. 

From the s,eps in Figs. 19A-19B, i. car, be seen that Ure use o, .he argon 
huhble allows ore bead suspension .0 be dis.ribu.ed evenly among me reacrion vessels 
^,ess of .he now rare of each flow pad, berween the parent vessel and ~ssel. 
As long as me argon bubble remains sable berweea .he bead suspensron and the DMF 

^viable marker is provided, enabring rhe sensors ro derermine rhe sta,us of he 
Zon vessels. The ability ro mainrain a aab,e argon bubb,e. as prev,ousl, , menrron^ 
is due ro dre favorab,e physical properties of DMF, I*, high co„rac. ang,e of DMF 

tefl ° n ' However, i. may be desirable ro use fluids other than DMF when dehvering 

,He beads ro rhe reacrion vessels. Tlris may creare problems, parric„,ar,» if dre subsrnure 
fluid does no, have physical properties which a. conducive ro creadng a ^ 
bubW e For instance, ace,o»irti,e (MeCN), which is used as a solvenr for DNA symhe ,s, 
Tnatle to produce a smbie argon bubble. Thus, a differ, approach foe distnbutmg the 
beads to the reaction vessels is required. 

Figs 19C-19D illustrate an alternative set of commands issued by the 
control computer for mixing the contents of the parent vessel when a stable argon bubble 

cannot be produced. , 
This technique is partrculariy usefu! when on!y a smafl number, e.g., up «. four ro five, 

reaction vessels are employed. 

Steps 854a-860a are similar to steps 854-860 in Fig. 19 except that only a 
smaller number of valves 101-109 are opened, i.e. , only those corresponding to the 
Lected reacrion vesse., The selected reacrion «— are partial,, filled wrm a solven,. 

as MeCN in order to displace dre a*on mat exists in me reacrion vessel ban k poor to 
rreallocadon phase. Afle, which, me se,ec,e4 reacrion vessels and dre parent vesse, are 
, fided with MeCN. The flow of MeCN is surpped when dre anroun, of MeCN rn paren, 
' vessel 200 rises to .be ,eve, of second capacidve seasor 99S, indicaring that filhng .s 
complered. Upon compledon, rhe se.ec.ed valves dren return to their Cosed autre. 
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Next, at step 872a, the bead suspension located in the parent vessel is mixed 
in preparation for distribution to the selected reaction vessels. At step 874a, the bead 
suspension is then introduced to the top common manifold and distributed to the selected 
reaction vessels by opening valves 91, 129, and selected ones of 101-109. These valves 
remain open until the sensor 120S detects the absence of fluid in the tube connecting the 
parent vessel with the top common manifold. Since no argon bubble is produced, sensors 
101S-109S are not employed. Because only a small number of reaction vessels receive the 
beads, the time required for the beads to reach each of the reaction vessels is 
approximately equal, thereby ensuring a generally equal distribution for each of the 
reaction vessels. 

At step 890a, a rinsing process, such at those already discussed in Fig. 19A- 
19B, is employed to make sure all the beads are transferred to the reaction vessels. Upon 
completion of the rinsing process, all valves including valve 129 are returned to the default 
state at step 896a. The reaction vessel bank is then drained of all fluids at step 898a. 

Fig. 20 is a flow chart showing the sequence of commands issued by the 
control computer to fill the reaction vessel with the desired reagent from the delivery 
system. The steps discussed in connection with Fig. 20 are also schematically illustrated 
in Figs. 21A-21D. This process assumes that the lower manifold is filled only with inert 
argon at step 900. Fig. 21 A graphically shows a relevant portion of the reaction vessel 
bank having an empty manifold. The lower manifold is first filled with a reagent at step 
902. Valve 100 opens to permit the reagent to enter the lower manifold, and valve 110 
opens to vent the argon displaced from the lower manifold. When the reagent is detected 
by sensor 11 OS, all valves return to default at step 903. 

In some instances, the sensors 101S-109S may be tripped inadvertently or 
prematurely while filling the tubes connecting the reaction vessels with the lower manifold. 
For example, a sensor may be actuated by a stray droplet of reagent before the reagent 
actually reaches it. This can cause an insufficient amount of reagent to be present in the 
tubes for delivery into the reaction vessels. 

To reduce or eliminate problems associated with premature sensor actuation, 
the control computer, at step 904, can optionally be programmed to open valves 101-109 
for a set amount of time in order to prefill the tubes. Generally, the time is set so as to 
prefill the tubes to about 75%, before being detected by the sensors 101S-109S. As 
described, this step does not rely on the use of sensors 101S-109S. Thus, prefilling 
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reaction vessel and dissolves the bead cake. Since vortexing is most effective when the 
beads are at or near the bottom of the reaction vessel, only a small amount of fluid should 
be injected. Otherwise, the bead cake may float to the top of the reaction vessel, requiring 
more time to dissolve it. At step 915, the valves return to default after the predefined time 
5 has expired. 

At step 916, the remaining portion of the reagent is pushed up into the 
reaction vessel by opening valves 101-109. Each vessel is filled until its associated sensor 
101S-109S detects the absence of a fluid and the control computer turns off that valve. 
When all sensors 101S-109S are off, all reaction vessels are filled. To improve mixing, 

10 the vessel bank is agitated while being filled. As noted before, the reaction vessels may be 
programmed so as to fill the vessels in parallel or in series by opening all the valves 101- 
109 at once or sequentially. 

Alternatively, the reaction vessels may be filled without relying on sensors 
101S-109S. For example, valves 101-109 may be opened for a preprogrammed time 

15 period which is sufficient to fill the vessels to the desired level. A time period of 0.5 
seconds to 1 second has been found to be satisfactory. However, this time period may 
vary according to the number of vessels being used, i.e., the greater the number, the 
longer the time required. Fig. 21D shows a diagram of the reaction vessel after being 
filled. 

20 Note that the volume of reagent to be pushed up into the reaction vessels 

also can be easily changed by varying the length or diameter of tubing between valves 101- 
109 and sensors 101S-109S. This change can be easily accomplished by substituting the 
tube which connects a reaction vessel to an injection valve, e.g., valve 111, with a tube 
having a different length or cross-sectional dimension. 

25 It may also be advantageous in some instances to increase the diameter of 

reaction vessels themselves. For instance, it may be desirable to simultaneously mix the 
beads with two or more reagents. Such mixing can occur by following the steps described 
in Figs. 21A-21D to introduce the first reagent to the reaction vessels. A second reagent 
is then introduced to the reaction vessel by repeating the steps described in Figs. 21B-21D. 

30 In so doing, however, an argon bubble will be disposed between the bead suspension and 
the second reagent due to the argon left in the tubes 241-249 and 271-279 before 
introduction of the second reagent. To remove the argon bubble from the reaction vessel, 
the inner diameter of the reaction vessel can be made larger to reduce the height of the 
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close at step 928, all valves of the reaction vessel bank return to the default mode. The 
mixture of amino acid and activating reagent is preferably permitted to stay in the 
aforementioned tube for about two minutes to ensure proper activation at step 930. 

Thereafter, the bottom manifold is cleared at step 932 in the manner 
5 discussed earlier in connection with Fig. 17. The column of mixture between valves 101- 
109 and upper sensors 101S-109S are then pushed up into the reaction tubes in the manner 
discussed in connection with Fig. 20 at steps 913-916. 

Fig. 24 shows the sequence of commands issued by the control computer for 
transferring the bead suspension within the reaction vessels back to the parent vessel. At 

10 the start, it is assumed that the reaction vessels have been drained, and the lower manifold 
is filled with argon. The reaction vessels are first filled with a solvent at step 936 in the 
manner discussed in connection with Fig. 20. Thereafter, all valves return to default. 

Next, the mixture of beads and reagent is vortexed to create a suspension at 
step 938. Alternatively, the mixture of beads can be vortexed while the reaction vessels 

15 are being filled. Such a process improves the speed of suspension and helps prevent the 
beads from clumping together at the bottom of the vessel. The contents of the reaction 
tubes are transferred to the parent vessel at step 940. Valve 122 opens to pressurize the 
lower manifold with argon. Valve 129 opens to permit the bead suspension to move from 
the reaction vessel bank to the parent vessel. Selected ones of valves 101-109 open, 

20 preferably in series, to permit argon to blow the contents of each reaction vessel up toward 
the top common manifold and into the parent vessel. The contents of the reaction vessels 
are thus transferred to the parent vessel serially. Although the above transfer may also be 
performed in parallel by opening valves 101-109 simultaneously, serial transfer permits 
argon pressure within the reaction vessel bank to remain high and is therefore preferable. 

25 Furthermore, each of valves 101-109 preferably remains open for about four seconds to 
ensure that substantially all of the contents of a given reaction vessel are transferred to the 
parent vessel. During this process, valves 90, 122, and 129 remain open. 

After the contents of all reaction vessels are transferred to the parent vessel, 
the reaction vessels may be rinsed and another transfer process may occur. To rinse the 

30 reaction vessels, the above steps are repeated, starting with the refilling of the reaction 
vessels with DMF at step 936. As shown in steps 937 and 941, valve 129 is kept open 
during the line cycles to prevent damage to the beads and valve 129. The parent vessel 
preferably has volume for at least three transfers. At the end of the recombination, the 
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Ute parent vessel reaches below lower eapacilive seosor 90S and turns tha, sensor off. 

Three cycles of rinse have been found to be satisfactory. 

Thereafter, all valves including valve 129 rerun, a, step 942 to the default 

state. Ute contents of the parent vessel are agitated at step 944 to mix the beads 
various vessels in the mamrer discussed in connection with Pig. 20. If the beads are to be 
rem oved from the parent vesse,, Ote parent vesse. is preferably drained at step 946 by 
opening valves 10 and 9. until the level of fluid In the parent vesse, reaches below lower 
capacidve sensor 90S and turns Uta, sensor off. AO vtdves are subsequently returned a. 
step 948 ,o thetr defcul, state. The mixture containing beads may then be removed from 

the parent vessel for use. 

Alternatively, the beads m„ be reallocated to tire reaction vessels ,n the 
n^er discussed in connection with Fig, 21A-21B. Following the reaction, a,, valves 
return to the default off state. 

G Overall Diagram of Software 

Fig 25 is a flow chart of the source code which is included herein as 
Appendix I. Module 950 represents the user. A command interpreter 952 accepts the 
textU al commands from the user. Alternatively, the user may enter commands to run the 
synthesizer using a menu system 953. The commands received by menu system 953 are 
either converted to a format usable by command interpreter 952, or call a support rouune 
in support routines module 962 directly. Command interpreter 952 also parses the 
commands entered, textually or otherwise, by the user, hereafter, the parsed commands 
call and execute support routines in support routines module 962. Furthermore the parsed 
commands are formatted by a display formatter 954 and displayed on a display 762. 

Module 958 contains a plurality of macro files. A macro file defines, for 
example, the sequence of steps that must actually take place to run a synthesis or budd a 
library At its most basic level, a macro file contains, for example, macros which m turn 
contains sets of discrete commands for controlling valves and reading sensor information. 
Macros may utilize other basic macros to perform higher level functions such as drammg 

reaction vessels 201-209. 

The macros received by command interpreter 952 from macro files 958 are 
passed into a synthesizer library controller 960. Synthesizer library controller 960 calls 
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the macros for actual synthesis. For example, one macro may specify the initial global 
variables that must be set before synthesis begins. 

Fig. 25 shows a support routines module 962 for running a variety of 
support subroutines. One such subroutine is autofill, which is a subroutine for 
5 automatically filling the reaction vessels until all sensors are on. Support routines 962 
accept inputs from either command interpreter 952 or menu system 953. Option list 964 
contain pointers to functions, etc. Fig. 26 shows the inputs and outputs of option list 964 
and its relationship with command interpreter 952 and support routines module 962. 

There are also initialization files 966 for holding global variables and global 

10 settings. Initialization files 966 hold, for example, a value representing the amount of time 
during which a strike voltage is supplied to a valve to open a closed valve, etc. A lookup 
table file 968 cooperates with synthesizer command library controller 960 to, for example, 
permit a monomer to enter appropriate selected reaction vessels. Lookup table file 968 
may contain, for example, a listing of each reaction vessel, its corresponding tag 

15 monomer, and the list of monomers necessary for synthesizing the desired polymer. 

Fig. 25 also shows a log file 970. Log file 970 accepts inputs from 
command interpreter 952 and synthesizer library controller 960. Log file 970 contains 
operational data for diagnostic purposes. An entry in log file 970 contains, for example, 
information relating to the macros called. 

20 An associate file 972 contains a listing of each reaction vessel and its 

associated valves and sensors. Associate file 972 cooperates with both synthesizer library 
controller 960 and support routines 962 to simplify the task of addressing each reaction 
vessel and its associated valves and sensors. 

The digital commands outputted by support routines 962 enter a parallel 

25 driver 974. Parallel driver 974 may be, for example, PCDIO120-P I/O board 766. 
Parallel driver 974 outputs valve control signals 976 via its I/O channels to drive the 
solenoid valves. The valve control signals, as discussed, are further processed by 
controller circuit 768. Furthermore, parallel driver 974 outputs stepping motor controller 
signals 978 to control the vortexing stepper motor. Sensor inputs 980 from the optical 

30 sensors, the ultrasonic sensor, and the capacitive sensors of the synthesizer are also 

received by parallel driver 974 for processing by support routines 962 via sensor checking 
subroutines 982. 
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Fig 27 illustrates the data structures necessary to control valves. A valve 
• h VINDEX array 986 accepts a valve number 984 as input and provides a pointer to a 
£ " - - element of V. L VES a,ay 988 contains a pom. to a data 
byte 990 . ^ data byte 9 90 con*ins 8 bits of v^ da. _ _ 
containing valve data information for a given valve s ^ 
bvte 990 and a shift value representing the relative location of that tat within y 
990 L hit of data hyte 990 may be manipulated to appropriately turn on or off 
le Z le data information in each bit controls a corresponding valve v. output 

^ Fig 28 illustrates the data structures necessary for receiving sensor 

« • frn m innut port 994. The information representing the binary state of each 
information from input port 99 informatio n in data byte 996, 

sensor is stored in one bit in a data byte 996. To access me 

cuxKinp nrrav 998 Each element of SENSOR array 
a sensor number is uaed to aceess , biB of 

098 contains a pointer to an appropriate data byte. Each data byte 
slTdl inflation. Tbe bi, containing valve dam in— for a grven vaW 
Hsible by the address of its dara bye 996 and a shift value repsesenbbg Ute reiat.ve 
location of that bit within data byte 996. 
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H Windows Interface 

The control software may incorporate a Windows-type interface o, 
workspace Generally, tf. Windows interface is a recmngular, graphical use, interface 
one or more windows for dispiay on the .reen. Additiona, wrndow 

1 1 ,7of L 1- is a mean bar with a pluraUry of user-command eho.ee, ea* 
which may invoke addition* submenus and software toois fo, use w.th apphcauon oh eets. 
T„e window also mcludes an area for displaying and manipulating screen o*ct, T , 
Teals a workspace or viewpor, for me user ,0 interact with dam objects whteh restde m 
the memory of the control computer system. 

emerwise invoking screen objects of interest, m response to user movement 
, poinbng device sueh as a mouse, me cursor floats (i.e., freely moves, across the * een 
JTdesiL screen locauon. During or after cursor movement, the user may genera, 
™, signms <e.g., mouse butron -clicks- and "drags-) for Meeting and mantpulatmg 
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objects, as is known in the art. For example, the window may be closed, resized, or 
scrolled by "clicking on" (selecting) screen components. Keystroke equivalents, including 
keyboard accelerators or "hot keys", are provided for performing these and other user 
operations through the keyboard. Thus, a Windows interface provides a more intuitive 
5 approach to interacting with the control computer. 

Underlying the Windows interface is a message or event-driven architecture. 
This model is perhaps best described by contrasting its operation with that of a modal or 
sequential architecture that has been traditionally employed, as exemplified by the 
command interpreter in Fig. 25. In this manner, the reader may appreciate the added 

10 flexibility as well as complexity of an event-driven system. 

A modal program comprises a series of discrete operating blocks or modes 
having a well-defined beginning, middle, and end. Thus, the program follows a fairly 
rigid sequence of operation with each step necessarily being completed before the program 
proceeds to the next step. 

15 While a modal program is relatively easy to design and implement, it is 

generally not easy to use. The design certainly ensures that all required information is 
entered, but only at the expense of forcing users to operate in a manner dictated by the 
program. Specifically, since the program is built around a pre-arranged set of modes, a 
user cannot get from one mode to another without first completing a previously-required 

20 mode. Any deviation from this sequence by the user is simply not permitted. This 
inflexibility of the modal programs may be inefficient for handling real-world tasks. 

On the other hand, an event-driven architecture eschews a pre- selected 
sequence, opting instead for an "event loop." The event loop is a centralized mechanism 
for processing messages about user and system events. It includes an event queue and 

25 mechanisms for retrieving and dispatching messages to various window classes. 

Messages are how the operating system manages and synchronizes multiple 
applications and hardware events, such as clicks of a mouse or presses of a keyboard, 
which in MS-Windows are converted to messages by Windows event handlers. From a 
programming perspective, a message is simply a data structure containing information 

30 about a particular event. The message structure may include a message identifier which 
serves as a symbolic constant for a particular event. For example, messages from a 
window object might include information about creating, closing, moving, and re-sizing 
the window. Additional event data are available as message parameters; the exact 
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ramf .ter varies with each event type represented. Input 

to the target applications) of interest. 

A mechanism is provided for retnevtng messages from the system q 
aching drem to the appropriate application whieh, in turn, ma, proceed ^ process an, 
Jsage L arrives. Each window helongs to a particular window type whtch de toes 
^in characteristics common ,o at, windows of .a, type. Assoc!** w.» each type ,s 
Windows function which processes aft messages sent to windows of tts type. An 
"tl ,ueue is provided where Windows ma, piace messages *at 
Action. When Ute appiicauon is read, to receive inpn, t. stmpl, reads Ute awaumg 

Isage, ,f none are found or if there exists a message for odter appheahons wtth h.gher 

priority, Windows passes control to the other applications. 

The general mechanism for retrieving and dispatching messages tn an event- 

te^d system such as Microsoft* Windows-, is known in the art; see, e.g., Petzold C 

rdr* «— • *«- *— * PIKS ' 1990 " ,d 

^ «T Microsoft Press, 1993. Addhtiona. infotmation can he fount Uo Mteroso, 
Window Software Development, avai.ab.e ftom Microsoft Corp. of Redmond, WA. The 
ZZl of each of the foregoing are herehy incorporated hy reference for at, pu = 
Fig 33 Wustra.es a GUI as implemented on the con.ro. computer. The GUI 
incudes a rectangu.a, window ,30. with a workspace 1303. At the top of the window is 
includes a recuu g u • « tmA.1313 Each of these command choices 

a menu bar 1305 with user command choices 1306-1313. Each ot in 
include addition* submenus containing commands for compiling me ope^ons of the 
sy „thesiaer. The. command choices offer a user the flexibiUty »~ ' 

syniheats automatically or manual., by invoking the appropriate commands wtth the 



25 

mouse 



30 



The GUI is designed with the intention of being a user friendly 
environment, thus minimizing efforts required for programming the synthesizer For 
example a dialog box objeet or a set of dialog box objects is assorted wtth each 
lid. When a command is invoiced, the appropriate dialog objects are displayed >n 
fte workspace and interactively prompt the user to enter the necessary ^—^J 
Help command 1313 provides information to assist a user through the process. Us.ng the 
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dialog objects, the user may program the synthesizer without using traditional text 
commands. 

Fig. 34 illustrates a submenu 1320 that is associated with the Macros option. 
A user may invoke either a Learn or Run command by clicking the mouse on submenu 
5 item 1321 or 1322, respectively. In the Windows environment, a macro is an object that 
contains a set of discrete commands, such as those discussed in connection with Figs. 16- 
24, for controlling the synthesizer. Using the Learn command 1321, the user can define a 
macro to perform specific functions. The submenu may also identify the keystrokes 
assigned to invoke the available commands. For example, "Alt+ L" is used to execute the 

10 Learn command. 

Once the macro is "learned," the Run command 1322 may be selected to 
execute the learned macro or any other macros which have been previously defined. Fig. 
35 exemplifies a dialog box object that is displayed when the Run command is invoked. 
The dialog box object includes an area 1325 (combination box) which lists the available 

15 macros. To select a macro, the user enters the name of a macro in a Select Macro space 
1324. Alternatively, the user may scroll, by clicking and dragging the mouse, until the 
desired macro file in space 1325 is selected. The user then enters the number of times the 
macro is to be repeated in space 1326. Finally, to run the macro, the user clicks the 
mouse on a RunMacro button 1327 or a RunSMacro button 1328. The RunS Macro 

20 command instructs the system to perform the macro functions serially, i.e., one reaction 
vessel at a time. The Cancel choice 1329, when selected, exits the dialog box object 1326. 
A Help choice 1330 provides information regarding the different choices in the dialog box 
object. 

Fig. 36 illustrates a submenu 1335 which is displayed when the Groups 
25 option 1310 on the menu bar is chosen. Submenu 1330 includes a Define command 1331 
which is employed to define a set of valves associated with a group of specific reaction 
vessels. Once defined, the valve group is stored as a group object in memory. The 
computer's memory may contain many group objects, each defining a unique valve group. 

30 Submenu 1330 also includes an Open/Pulse command 1332 to fill and drain 

the selected reaction vessels for a predefined time period. When invoked, a dialog object 
box associated with the Open/Pulse command is displayed. The dialog object box, 
somewhat akin to the one illustrated in Fig. 35, contains a combination box that lists the 
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F i fv,« iirAi* rlicks an Open button to indicate 

r:rr s ::^— - — — — » - - — 

The user, using a Fill/Dram command 1333, can fill or a 
aM y using The Fill/Dtain — , when se.ec.ed, 

box object similar to tha. of the Open/Pulse command. The user selects the group of 

eue.cs either an AmoFill or SAutoF.ll button to perform a fti. func„ 
Ltt* or SAutoDmin bunon to empty me reacdon vesseis. It some embodunents a 

sensors. This funcrion is paabculariy usefu. in situations where the reae 
"sL L not ,uite a, their desired ieveis when me aensors are acuvated. B, settmg he 

seen, me —da associated with me Cnaup menu afford the user fleam,,,,, 
in choosing eombinadons of reacbon vessels to employ during synthes,, 

Fig 37 illusba.es a submenu 1340 containing the opnons avariable for the 
Variables menu selecdon. A cmate eommand 134! defines a variable whieh may be 
LXenmd in the maeros. Variab,ea are typical., empmyed, for examp.e, m ~ 
m value, such aa rime, may va^ from one synmeais to another, fitste^ of 
Ilung a maero for eaeh bme value, a variab,e is simply defined to correspond o bme. 
The variab.es are set to the deafced value before each syndesis eye.e usmg the set 
eommand ,342. ^ ^ ^ ^ ^ ^ ^ ^ „ ics 

opdon. Snbmenu'.345 incjudes Vajves .346, Sensors 1347, and Mia .348 commands ,o 
La a user inrimate contro. of me synthesizer and a«*ss to informauon regard.ng the 

for diagnosdc purposes. The Mix eommand .348, when * 
vLx mobar to mix the reacdon vessds for a period of time aa specfied by the u-r. 
, Referring . Fig. 39, a Valve Diagnostic dialog box objec, .390, d.splaye 

when me Valves command ia seieemd. Tbe user, via dialog box obiee. 1390, may control 
radons of an, vaive in the synthesizer by spring me entry with wh.ch the des,md 
valve Responds. For examp.e, Valve » in Ban* 1 is opened by chex-ng the cursor on 
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box 1391. For convenience, all the valves may be closed by selecting the Close All 
command 1397. A Cancel command 1398 closes the dialog box object 1390. 

Fig. 40 illustrates a Sensor Diagnostics dialog box object 1391 
corresponding to the sensor command. As shown, Dialog box object 1391 contains a box 
5 1396 associated with each sensor. Boxes 1396 inform the user of the status of the 

corresponding sensors. For example, if a box has an "X" in it, this would indicate that the 
sensor with which it is associated is on. Conversely, an empty box would indicate that the 
sensor is off. 

Fig. 41 illustrates a submenu 1350 that is displayed when the File option is 

10 selected. A New command 1351 creates a new synthesis setup file for carrying out a 
synthesis and a Modify command 1352 allows a user to select a preexisting synthesis file 
for editing. Once the synthesis setup file is completed, the user invokes either the Save 
1354 or Save As command 1355 for saving the file in memory. A Print command 1357 
prints the selected synthesis file. A Print Setup command 1358 configures the printer to 

15 desired mode, such as printing the file in landscape mode. An Exit command 1359 is 
invoked to leave the File option. 

In some instances, such as prior to each synthesis, or when a new valve 
group is selected, the user may wish to configure the system by invoking the Load CFG 
files command 1356. The system loads the appropriate files to inform which are the 

20 appropriate valves to use. In effect, CFG files map or "associate" the valves with each 
selected reaction vessel. 

Figs. 42-44 illustrate the dialog objects used in creating and modifying a 
synthesis setup file. Referring to Fig. 42, a Set Associate dialog box object 1360 allows 
the user to select the desired reaction vessels by checking the appropriate boxes contained 

25 in space 1361. For convenience, a Check All button 1362 and Uncheck All button 1363 
are provided to easily select or de-select all the reaction vessels. Check Bank buttons 
1364a-1364d allow the user to select all the reaction vessels belonging to a specific bank. 
A Cancel button 1368, when selected, aborts the synthesis setup process. A Help button 
1369, as previously explained, provides information to assist the user through the process. 

30 To continue the synthesis setup process, the user, clicks the OK button 1365 which closes 
the Set Associate dialog box object and displays a Synthesis Setup dialog box object. 

Fig. 43 illustrates the Synthesis Setup dialog box object 1370 with which a 
user defines a Start Macro 1371, a Loop Macro 1372, and an End Macro 1373 for the 
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h The Star, Macro and End Macro, for examp,e. indude commands fo, washing 
synthesis. The btart Mawu Macro contains 

ae reaoion vessels before - — - h ''"Tde^ d,e setoaer, reacdon 
_s - perform a syndesis. These — con.cn* of - . 

and disrriburing s,eps constttttt. one syndtests eye,. ^ **"LL 0nce ^ 

- — by ;:rxr r::r & ^ « - ~ ~ 1k 

shown . ,e do, L* en- ,38, — -J^I^ — " 
the desired amino acid symbo, and "TTZ^ZZ. ** • 
15 entry for reacdon vesse, . <RV0» eon- , AfEr fc 

P LL A Cancel button 1383 is provided to abort the process. As car, been seen, a 

w, k<» rrMted using the synthesis setup procedure. 

Go command 1391 to begin the process. As an alternate, a user m y 
m acro to perform functions similar to those saved in the synthests files 

Referring to Fig. 46, the GUI displays a status screen 1400 " 

As shown the status screen is divided into two separate 

r«amp.e, dre names or dre Srar, Macro. Loop Macro, and End Macro are 
Addi.ion.Uy. a Loop Number iine .408 informs .be user as ,o the number of loops 
remains in _ ^ ^ ^ ^ „ „ Macro curreMl y being 

execuKd As previously described, a macro may be nesied with other macros to perform 
h^te, funcdons. The status screen ma, be designed to ,i, up to .0 "-"^ 
L-.409J of macros being called. A Command line ,4,0, a Ttnrtng hne ,41,, Message 
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line 1412, and RV's line 1413 may be provided to display additional status or configuration 
information. For example, the Command line may show which macro command is being 
executed; the Message line, when applicable, displays a text message as preprogrammed by 
the user. The Timing line displays the amount of time that remains in which the valves are 
5 opened or closed. The RV's line informs the user which reaction vessels are used. A 

Time to Complete bar 1414 informs the user as to the percentage of time remaining before 
the synthesis is completed. 

At anytime during synthesis or macro execution, the user may switch into 
the "User Abort" mode by pressing a preassigned function key, i.e. F12. The User Abort 

10 mode allows the user to pause and execute macros that are not defined as part of the 
synthesis without having to abort the synthesis process. When invoked, the system 
temporarily pauses execution and displays the User Abort dialog box object 1420, as 
illustrated in Fig. 47. At this point, the user may insert any macro for execution. This 
can be done by typing the name of the desired macro in a Select Macro box 1421 and 

15 clicking the mouse on a Run Macro button 1422. 

The User Abort dialog box object also provides an Ignore button 1424 which 
enables the user to continue the synthesis process as if the system had never entered into 
the User Abort mode. A skip option 1423 instructs the system to first skip over the 
current command in the macro before continuing the synthesis. A Retry button 1425 

20 causes the system to execute the current macro from the beginning. An Abort button 1426 
allows the user to cancel the synthesis. 

Fig. 48 illustrates a submenu 1430 associated with the Edit command. The 
Edit command permits the user to easily access and modify the various objects by selecting 
the appropriate items listed in the submenu. An Associate command 1431, when selected, 

25 displays the dialog box object which lists the Set Associate objects stored in memory. By 
selecting the desired object; the Set Associate dialog box object is displayed. At this point, 
the user may edit the contents of the dialog box object with the mouse. When finished, the 
user clicks the OK button and the modifications are saved. Likewise, the user may edit the 
Group, Macro, Variable, and Code objects by selecting the desired object. The selected 

30 objects are then placed in an editor, allowing the user to modify the text. 

As previously mentioned, the sensors may be inadvertently triggered by the 
presence of a drop of liquid. This may be a problem, particularly when the solution used 
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duri „g m synthesis cyde conuins a high concenrration of bubble, To avoid or mitigare 
uninrentional triggering of the sensor, •* — **» may be programm* L 

The sensors are programmed using a Machine Config command .456. Tim 
command displays a Config dialog objec, box conraining several enrries, Fil.%, D»... 
5 "meOn.%, 1 PfsAve. The Fill* specifies me percenuge ma, me sensor remams - to 
« when me reacfion vessels ace foil. For example, if 80% is emered, rhe senaor 
"on 80, of .he rime rha, i, is read. The D rain% specifies me perce^a, 
sensor remains off to decermine when me reacdon vesseis axe empry. As an example. 

enrered Ure sensor must be off 80% of me rime rha. it is read. Timeou, specfies 
,„ ^me pit .o delay before me sensors are switched on or of, PtsAve specifies me 
11 oTpoin. or readings » nse » derermine the percentage of dme rha. me sensors 
.re on or o«. The user may also specify ,he sensor or group of sensors from wh.cn ,0 
I, Thereafter, Ure user clicks an OK burron which automatically configures rhe sysrem 

according to the parameters. 
,« Fig 49 is a flow char, illustrating me evem-driven archrrecture of me 

J conrrol software as described ,n Fig, 33-48. As shown, an I/O Objec, module 1450, 
which is me heart of tire synthesizer's GUI, facilfta.es communication among rhe vanous 
nbjec, modules comprising Ure GUI. When me contiol software is initiated, a mod.de 
,U loads dm configuration file, duo me I/O Objec, module. These files are us* » 
20 configure a Variable Objects module 1456, Ix»lmp Tah.e Objecu module H57, Ma ro 

Objec, module 1458, Group Ohjecs module 1459, Valve Objec, Array module .461, and 

Sensor Object Array module 1462. 

The Lookup Table Objects module conuuns a file used for mappmg .he 
valves and sensors m tireir corresponding reaction vessels so as ro elimina* me need ,0 
25 manually address each individual valve or sensor relating ,o a specific reacuon vesseh 

The MaLo Objec. module stores me lis, of defined macro; Ore Variable Objects module 
Zl r the define, variables while tine defined group objecrs are s,„red in ft. Croup Objecs 

m<X "" eS ' The valve Objec, Array module smres an array identifying each indiv.dual 
30 valve in me sysrnm. To close or open a valve, me I/O Objec, module scans the Valve 
Objec, A„ay module until if finds a ma,ch. When a match is found, tire Valve Objec 
Array module outputs a signa. to comm. thar specific valve. To control a group of valves. 
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the I/O module cooperates with the Group Objects module to scan the Valve Object Array, 
causing it to send the appropriate control signals to the selected valves. 

The Sensor Object Array module stores an array identifying each individual 
sensor in the system. The I/O module may read a sensor by scanning the Sensor Object 
5 Array module until a match is found, causing it to read the specified sensor. To read a 
group of sensors, the I/O and Group Objects modules scan the Sensor Object Array 
module to determine the appropriate sensors to read. 

The GUI also includes a Dialog Box Objects module 1453 and a Synthesis 
Object module 1454. The Dialog Box Objects module contains the dialog box objects 
10 which are displayed when certain commands are invoked. The Synthesis Object module 
stores the current synthesis setup file. To perform a different synthesis, the GUI reads the 
desired synthesis setup file from memory into the Synthesis Object module. Conversely, 
the contents in the Synthesis Object module are written to memory to save a synthesis 
setup file. 

15 A Main Window Object (MWO) module 1452 communicates with a View 

Object module 1455 which displays the GUI's main window (Fig. 33) on the screen. A 
Message, in response to a user command, is sent to the MWO. This message is parsed to 
determine the appropriate command to execute. For example, if a Macros command is 
received, the MWO instructs the I/O object to retrieve the macros dialog box object from 

20 the Dialog Box Objects module and the lists of macros from the Macros Objects module. 
The View Object module receives this information from the I/O module and displays it on 
the GUI. 

In one embodiment, the I/O module contains a Watchdog routine to shut 
down the synthesizer if the computer should malfunction. For example, the I/O object 
25 module may be programmed to send a pulse every 2 seconds to the synthesizer. If for any 
reason the synthesizer fails to receive these pulses, it will assume that the control computer 
has malfunctioned and will power down. 
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EXAMPLES 

The following examples are provided as further illustration of the present 
invention and not as a limitation. 
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EXAMPLE 1: LIBRARY PREPARATION AND SCREENING 

This Example iUustrales how the products of a combinatorial pept.de 
synthesis on resin beads can be explicitly specified b, attaching an ohgonudeot.de 
identifier rag to the beads coincident with each amino acid coepling step .„ the sy bests. 
Each tag conveys which amino acid monomer was coupled in a pan.eu.ar step of the 

t . ~»,,irte on anv bead can be deduced by reading the 
synthesis, and Ihe overall sequence of a pepude on any bean can 

Bg(s , on .ha. bead. The collection of beads can be screened for binding to a 
„ orescendy-.abeied anfi-pephde antibody using a — activated eel, sorimg 
(FACS) insLment. Those beads to which an andbody binds ughdy can be «** by 
FA« and the ofigonudeodde idendfiers rhat are attached to individual sorted bead, can 
be a^ed by J PCR. me fences of the amplified DNAs are determined to revea, 
,be identity of the pepdde sequences which bind to the andbody wtth h.gh affi 
combining high capacity, oligonucleotide code-based informal storage, amplify 
medtodology, and fluorescence-based sorting, the present meUrod provrdes a means f. 
specifying the idendt, of each member of a vas, fibrary of mo.ecu,es syndrom 
Z natural and unnarura, chemical building bloc* and for quick., and efficendy 
lading individual beads ma, bear high affinity ligands for biologica! receptors^ 

in this Example, single soanded oligonucleoddes are used to encode a 
eombinatorial peptide synthesis using born L- and D-anfin„ acid budding 
diameter po^ene beads. The ofigonudeofide tags have a high mformauon compare 
amenable » very high sensidviry detection and decking, and, with rbe present meduxU 
» stable to reagents used in pepdde synthesis. Peptides and nucleotides are assembled n 
parafiel, alteroafing syntheses so mar each bead bears man, copies of both a single pept.de 
Lquence arrd a unique oligonucleofide idendfier rag. The ofigonudeoudes share — 
5'- and 3--PCR priming files, and dtus the beads can sen-e as tempos for dte PCR. The 
eneoded synmefic library contains about 8.2 x lO* hepta-pepfides and is screened for 
binding to an ami-dynorphin B monoclonal antibody D32.39 (see Barret. & Goidstem, 
,985 mm*^ & » 3 - 120 ' "->n»ratcd herein by reference), using a fluorescence 
activated cel, sorting (FACS, instnamen, lo selec. individua! beads tha, strongly b.nd the 
3 antibody. After PCR amplificadon of the oligonucleofide tags on sorted beads, the DNA 
is sequenced to determine the idendty of die pepdde ligands. 
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A. Reagents and General Methods 

The monodisperse 10 /xm diameter bead material used in this work was a 
custom-synthesized macroporous styrene-divinylbenzene copolymer functionalized with a 
1 , 12-diaminododecane linker purchased from Pharmacia. The beads are Pharmacia 
5 Monobeads™ that have not been derivatized with Pharmacia's Gene Assembler Support 
linker. See Ugelstad and Mork, 1980, Adv. Colloid Interface Sci . 13: 101-140, 
incorporated herein by reference. 

All protected amino acids were obtained from Bachem Bioscience Inc. PCR 
and sequencing primers were synthesized with an Applied Biosystems model 394 
10 oligonucleotide synthesizer. Authentic samples of certain peptides were synthesized with 
an Applied Biosystems model 431 A peptide synthesizer using Fmoc-protected amino acids, 
HBTU/HOBt in situ activation chemistry, and deprotection with 40: 1 : 1 
TFA/water/ethanedithiol. These peptides were purified by HPLC (>95% purity) on a 
Rainin C 18 reverse phase column using water/acetonitrile/0. 1 % TFA as eluant, and 
15 structures were verified by mass spectrometry. 

B. Parallel Synthesis of a 69-base Oligonucleotide and the Opioid Peptide 
Dynorphin B 

The C-terminal seven amino acid fragment of the opioid peptide dynorphin 
20 B H-Arg-Gln-Phe-Lys-Val-Val-Thr-NH 2 (RQFKWT) (SEQ ID NO:2) was synthesized in 
parallel with a 69-mer oligodeoxynucleotide (ST08) on 10 fxm diameter beads. The 
sequence of ST08 was 5'- ATC CAA TCT CTC CAC ( ATC TCT ATA CTA TCA) TCA 
CC [TA TC CT AT TT TT AC] CTC AC T CAC TTC CAT TCC AC- 3* (SEQ ID 
NO:20) . Underlined portions of this sequence correspond to PCR-priming sites while the 
25 region in parentheses is homologous to the primer used for sequencing this template. The 
14-base sequence enclosed in brackets represents the coding region of the template. 

The beads were first treated with a mixture of succinimidyl 
4-O-DMT-oxybutyrate (Molecular Probes) and the 1-oxybenzotriazole ester of either 
N-Fmoc-2,4-dimethoxy-4'-(carboxymethyloxy)-benzhydrylamine (i.e. the acid-cleavable 
30 Knorr carboxamide linker) or N-Fmoc-ThrOBu)-OH (for non-cleavable experiments). The 
ratio of Fmoc-protected amino groups to DMT-protected hydroxyl residues on the beads 
was determined spectrophotometrically to be approximately 20:1. The beads were 
subjected to 20 cycles of oligonucleotide synthesis on an automated synthesizer using 
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,. O memv>-N, N -dii*>prop,l phosplmramidte of the fohowing 

v, •. DMF to remove the Fmoc protecting group. Ate coupling the 
With 10% ptpendtne tn DMF . <°™ ^ „ lth . DMF 

« amino acid residue ^« » ^ ^ amines . A11 

— ° f «" a " hy< "" )e "* ^min end contained 0.11 M Fmoc-arnino acid, 
peptide coupling reactions were nm for 20 ™. and _ ^ ^ „ 

0 1 M HBTU, 0.1 M HOBt, and 0.3 M DIEA in DMe 

« — Of nucleotide addttion on the ^ J-— ^ ^ _ „ 

■rrst^^^^^-— ---- 

;— n^rrrr^ngan 

construction of the oligonucleotide codtng region MM- «P ^ 
additional 35 cycles of oUgonudeotide syndtests, me bead 

■ -j. „ DMr ,i. 9 for 8 min). miophenol/memylanune/diowne (1.2.2 for 
SSI fl, - 5 hr , « -C. - ^ J - ^ ^ 
„ * ho, me peptide - . ^^JS. was concen.ra.ed 
acid-cleavable linker, the supernatant from the Tr A p 
, in aoa, and the isolated crude pepUde was then analyzed by HPLC. 

C. Construetion of an Encoded Library ^ 
The parallel synthesis chemistry outlined above was usea in 

of me tibra^sites Of U — ■ .ere di— * — 

succimmidyl 4-u umi J n The 3'- C onserved region 

of „e oUgonnder.de STOS was ^^^.t head mass was divider! 

parenthesis): Arg(N°-Fmc), GlnCTrt), Phe. LysCBoc), Val. D 

pan was men subjected to two ronnds of automated oligonucleotide synthesis. The 
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respective sequences of the appended dinucleotides that specified uniquely each different 
amino acid residue were TA, TC, CT, AT, TT, CA and AC. The beads were then 
pooled, mixed thoroughly, and the entire bead mass subjected to Fmoc deprotection. 

This cycle of bead partitioning, peptide coupling, oligonucleotide dimer 
5 synthesis, bead recombination and Fmoc removal was repeated for a total of seven times. 
The final Fmoc protecting group was not removed. Rather, the pooled bead mass was 
subjected to 35 cycles of oligonucleotide synthesis. The library was then fully deprotected 
as described above. 



10 D. Library Staining and FACS Analysis 

A portion of a library (typically 0.5-2 mg of beads) was suspended in 
blocking buffer (PBS, 1% BSA, 0.05% Tween-20) and incubated at room temperature for 
1 hr. The beads were pelleted by centrifugation and resuspended in a solution of mAb 
D32.39 (10 mg/mL in blocking buffer). The suspension was incubated on ice for 30 min., 

15 pelleted by centrifugation, and washed with blocking buffer. The beads were then 

suspended in a solution of phycoerythrin-conjugated goat anti-mouse antibody (Molecular 
Probes) for 20 min. on ice. The beads were washed in blocking buffer and diluted in PBS 
for delivery into the fluorescence activated cell sorting (FACS) instrument (Becton 
Dickinson FACStar Plus). Beads which had bound the mAb D32.39 were identified by 

20 their acquired fluorescence. Individual beads from both the most brightly stained 0. 17% 
of the library and from the region having the lowest fluorescence (ca. 98%) were sorted 
into PCR microfuge vials. Specific binding of D32.39 to the beads was blocked by 
preincubation of the mAb with the soluble peptide Ac-RQFKVVT-OH (SEQ ID NO:2) at a 
final concentration of 10 ftM. 

25 

E. PCR of Bead-Bound Template. 

PCR amplifications were performed in the manufacturer supplied buffer 
system (50 mM KC1, 10 mM Tris-HCl, pH 9.0, 0.1% Triton X-100, 2 mM MgCl 2 ) with 
0.2 mM dATP, dCTP, and dGTP, 0.8 mM dUTP, 2 mM each primer, 3 units Taq 
30 polymerase (Promega), and 1 unit of uracil DNA glycosylase (Gibco BRL) (total volume 
70 _L). The primer sequences, 5'-ATC CAA TCT CTC CAC-3' (SP13) (SEQ ID NO:21) 
and 5'-(biotin)-GTG GAA TGG AAG TGA-3* (SP14) (SEQ ID NO:22) were respectively 
homologous and complementary to the template ST08. PCR reactions consisted of 45 
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cycles of denaturation at 95»C for 30 sec. , primer annealing at 50°C for 1 min and 
extension at 1TC for 1 min. Reactions were analyzed by electrophoresis in 20% 
acrylamide or 2% low melting point agarose gels. 

5 F Sequencing of PCR Product 

Biotinylated PCR product from individual reactions was isolated with 
streptavidin-coated magnetic beads (Dynal, Inc.). After alkaline elution of the 
non-biotinylated strand and washing, each bead sample was treated ^ -~ 
cocktail. Dideoxy sequencing was performed using the primer 5'-ATC TCT ATA CTA 

10 TCA-3' (SP15) (SEQ ID NO:23) and Sst polymerase (Bio-Rad) according to the 
manufacturer's instructions, with the exception that a 1:100 ratio of deoxy- to 
dideoxynucleotide triphosphates (Pharmacia) was employed. 

G Determination of Peptide Binding Affinities 

15 ~ The binding affinities of various peptides for the monoclonal antibody 

D32 39 were measured in a competition binding experiment. A tracer peptide 
(LRRASLGGGRRQFKWT (SEQ ID NO:24); 50 pM) containing the known epitope for 
D32 39 fused to a consensus substrate sequence for cAMP-dependent protein kinase was 
radiolabeled to high specific activity with [g -»P]ATP (see Li SLal, 1989, P^NalL 

20 Asai-ScL-USA 86, 558-562, incorporated herein by reference) and mixed with various 
concentrations of the peptide of interest (10 M M-1 pM). The peptide mixtures were a ded 
to polystyrene wells coated with D32.39 ( 0.1 Gmg/mL). Samples were incubated 2 hr. at 
4»C the wells washed with PBS, and the radioactivity associated with each well was 
counted and used to generate a competitive binding curve. Under the conditions of the 

25 assay the IC J0 should be close to the dissociation constant (W for the peptide. 

EXAMPLE 2: SYNTHESIS AND STABILITY STUDIES OF THIAZOLIDINONES 

The following examples relate to the synthesis of thiazolidinones using the 
methods of the present invention. This synthesis is described in greater detail in U.S. 
30 Patent Application No.08/265,090, filed June 23, 1994, and incorporated herein by 
reference for all purposes. 
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A. Preparation of Double-Labeled Thiazolidinone 

H 2 N-S-TentaGel (500 mg), a commercially available polystyrene based resin 
(Rapp Polymere, Tubingen, Germany, lg, 0.30 mmol/g loading), was elaborated with 
Fmoc-Gly-OH labeled at the a-carbon (2- 13 C, 99% from Cambridge Isotope Laboratories, 
5 Inc., Andover, MA). The resin was capped with Ac^O, deprotected with piperidine, and 
the Fmoc-photolinker coupled as its OBt-acrivated ester. The resin was again capped, 
deprotected, and reacted with unlabeled Fmoc-Glycine-OH as its anhydride. An additional 
round of capping and deprotection generated the free amine resin. Reaction with 0.75 M 
PhCHO labeled at the carbonyl (carbonyl- 13 C, 99% from Cambridge Isotope Laboratories, 
10 Inc., Andover, MA) and 2.0 M mercaptoacetic acid in ACN containing 3A molecular 
sieves for 2 hours at 70°C generated the double labeled thiazolidinone resin. The resin 
was washed extensively (3X5 ml CH 2 C1 2 3X5 ml DMF, 3X5 ml CH 2 C1 2 , 3X5 ml MeOH, 
3X5 ml CH 2 C1 2 , 3X5 ml Et 2 0) and dried under vacuum. 

15 B. TFA Stability Studies 

A portion (20mg) of the resin was treated with 95% TFA/5% H20 for 1 
hour followed by washing with CH 2 C1 2 , MeOH and Et 2 0. Gel- 13 C NMR analysis of the 
resin indicated no loss of thiazolidinone, as evidenced by relative integration of the two 
labeled carbons. See Panel B, Fig. 30. Any destruction of either the photolinker or 

20 thiazolidinone would be expected to result in the integration of the benzylic carbon to 

decrease. This experiment demonstrated that both the thiazolidinone and the photolinker 
were stable to TFA treatment. 



C. DNA Synthesis Stability Studies 

25 A portion (20 mg) of the resin was loaded into the standard DNA synthesis 

cartridge and subjected to 40 cycles of DNA synthesis with A, C and T nucleosides 
employed as their phosphoramidites, followed by iodine oxidation after every cycle. 
"Mock" dimethoxytrityl (DMT) removal was accomplished by treating the resin 2 % 
TFA/CH 2 C1 2 at the start of every cycle. The resin was removed from the cartridge, 

30 washed with DMF, and analyzed by gel- 13 C NMR spectroscopy. See Panel A, Fig. 30. 
The spectrum obtained revealed litde or no destruction of either the photolinker or 
thiazolidinone molecules. A portion (2 mg) of the resin was also photolyzed for 3 hours in 
pH 7.4 PBS buffer and the liberated thiazolidinone analyzed by HPLC. See Panel A, Fig. 



10 
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„ ,„d Fie 32 The da* reveled tha. .he rhiazolidinone was leased in high pun.y and 
31 and Fig. 3/. . r _ oTitlv altere d UDO n treatment 

tot bod, the phorolinta and ,h.aaolidino„e were not srgmficandy altered upo 

wilh standard DNA synthesis reagents. 

^ rrr^T^ »as performed osing ,e ^ 
devte . The aymheris was done in reaction ^ * « ^ 

11 deproJcdon, eoHeotion of dep— fo, PMOC, rinsing wrd, DMF, and 

— iM ;"o";nd,esi S , rhe label. Hena.an.fcod, was indeed -J. miaed 
b eads. The Hena anUbody binds mosU, vrirh YGGFL. FACS an*,* ld~ red U 
of YGGFL proving that .his specified combination was aynO.es.aed by the 
" 0 —. shows « a diverse coflecbon of pepbdes, inching .he 

YGGFL chain can be specified and symhesiaed via the synrhesuer. 
. YGGFL chare, •» ^ ^ ^ ^ ^ by f 

and L -e for purposes of clariry - — • i, wi,l be ap^ren, tba, 
, ceruin changes and modifies ma, be praedced wirhin d* scope of dre appended 



claims. 



25 



30 



EXAMPLE 4: DETERMINATION OF BEAO DISTRIBUTION USING THE 

APPARATUS OF THE INVENTION 

To dcemrine if mixed beads from the parent vessel were berng evenl, 
dis.ribu.ed » une reaction vessels, some beads we. biounvlared. The bio„n,Ia,ed beads 
oeposi-ed in one reacdon vesse,. Non-biobny.a.en beads were man-y 
deposited in <he Cher 8 reacdon vessels. The synthesizer uansfers all beads from 9 

vessels ,o .be pa.cn, veasel. A sample was ^en fiom rhe parent ve« , and 
fluoresced srrepuvidin was allowed ,o bind wiU, biodn on *. b,ouny>a,ed *ad • 
Florescence Acdvareo CeU Sorier (FACS) analysis shows d», y 9. * of* 

to ds in .he paren. vesse! we. bioUny.a.ed. The beads were dreo reaHocaed ,o 9 reacdon 
am. he percent of biodnylared beads ,o «. beads in each vessel was 
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determined by a FACS analyzer. Table 5 shows that the mixed beads in each reaction 
vessel have approximately the same ratio of biotinylated beads to total beads as the parent 
vessel. 

5 

TABLE 5 





% Bright Beads 


Parent 


9.1 






i 


9.7 


2 


9.7 


3 


9.4 


4 


8.7 


5 


9.4 


6 


8.9 


7 


9.1 


8 


8.9 


9 


9.3 


Average 


9.2 


Standard dev. 


0.32 



25 It is to be understood that the above description is intended to be illustrative 

and not restrictive. Many embodiments will be apparent to those of skill in the art upon 
reviewing the above description. The scope of the invention should, therefore, be 
determined not with reference to the above description, but should instead be determined 
with reference to the appended claims, along with the full scope of equivalents to which 

30 such claims are entitled. 
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SEQUENCE LISTING 

( 1) GENERAL INFORMATION: 

(i) APPLICANT: AFFYMAX TECHNOLOGIES 

TITLE OF INVENTION: Synthesizing and Screening 
(i ii) NUMBER OF SEQUENCES s 24 

(B> STREET: One Market Plaza, 

C) CITY: San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94X05 

(v) COMPUTER READABLE FORM: 
1 (A> MEDIUM TYPE: Floppy 

■ COMP ^?n G s ^tem- C pc?doI5mI-dos . #l 25 

}S{ SOFTWARE: dentin Release #1.0. Version #1.25 

<B) FILING DATE: 
(C) CLASSIFICATION: 

(B) FILING DATE: 02-NOV-1993 

< Vii) P ^ R APPLICATION N NUMBER: US 08/149 > 675 
(B) FILING DATE: 02-NOV-1993 

(ix) TELECOMMUNICATION INFORMATION : 
^A^ TELEPHONE: 415-326-240O 
(B) TELEFAX: 415-326-2422 

(2 ) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
( (A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

/ c ) STRANDEDNESS : S ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Tyr Gly Gly Phe Leu Arg Arg Gin Phe Lys Val Val Thr 
15 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Arg Gin Phe Lys Val Val Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Thr Phe Arg Gin Phe Lys Val Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Thr Thr Arg Arg Phe Arg Val Thr 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

/B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Thr val Arg Gin Phe Lys Thr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Gin Val Arg Gin Phe Lys Thr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
Arg Gin Phe Arg Thr Val Gin Thr 



1 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Lys Gin Phe Lys Val Thr Lys Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gin Gin Phe Lys Val Val Gin Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

Lys Gin Phe Lys Val Thr Gin Thr 
1 5 
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(2) INFORMATION FOR SEQ ID NO, 11: 

(i) SEQUENCE CHARACTERISTICS^ 
1 ' (A) LENGTH: 8 amino ac ids 
B TYPE : amino acid 
IC\ STRANDEDNESS : Single 
(D ) TOPOLOGY: linear 

MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO=ll: 
Thr Gin Phe Lys Val Thr Lys Thr 
1 



(2 ) INFORMATION FOR SEQ ID NO: 12: 
SEQUENCE CHARACTERISTICS: 
( ' | A) LENGTH : 8 amino acids 
IB1 TYPE: amino acid 
C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(i i) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO-.12: 
Thr Phe Arg Val Phe Arg Val Thr 



1 5 



(2 ) INFORMATION FOR SEQ ID NO: 13: 

/n\ TYPE: amino acia 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13 
Phe Arg Arg Gin Phe Arg Val Thr 
1 
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(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 

Arg Gin Phe Lys Gin Val Gin Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 

Gin Thr Val Thr Val Lys Lys Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16 

Gin Gin Val Gin Arg Gin Thr Thr 
1 5 
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<2) INFORMATION FOR SEQ ID NO: 17: 

(L) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
{ B ) TYPE : amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 
Lys Thr Gin Val Val Gin Phe Thr 



1 5 



(2) INFORMATION FOR SEQ ID NO: 18 : 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acxds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 
Gin Val Thr Gin Val Arg Val Thr 



1 5 



(2 ) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19; 

Phe Val val Thr Val Arg Val Thr 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (oligonucleotide) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
ATCCAATCTC TCCACATCTC TAT AC TAT C A TCACCTATCC TATTTTTACC TCACTCACTT 60 
CCATTCCAC 69 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (oligonucleotide) 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 21: 
ATCCAATCTC TCCAC 15 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (oligonucleotide) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GTGGAATGGA AGTGA 15 

(2)' INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (primer) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
ATCTCTATAC TATCA 



15 
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(2 ) INFORMATION FOR SEQ ID NO: 24: 
(i) SEQUENCE CHARACTERISTICS: 
( ' it) LENGTH: 17 amino acids 

, B \ TYPE: amino acid 

<C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

MOLECULE TYPE: peptide 

, xl , SEQUENCE DESCRIPTION: SEQ ID NO:24: 
Lei A. A, g Ala Se, Leu Gl y Gi y Ci y ^ Ar 9 Gin P*e L y s Val Val 

1 5 

Thr 
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1 1. A method of synthesizing diverse molecules on a plurality of substrates 

2 comprising the steps of: 

3 distributing said substrates to a plurality of reaction vessels; 

4 coupling a first portion of said diverse molecules to said substrates in said 

5 reaction vessels with different reagents in each of said reaction vessels; 

6 moving said substrates through flow lines to a mixing vessel and mixing said 

7 substrates; 

8 redistributing said substrates through said flow lines from said mixing vessel to 

9 said reaction vessels; and 

10 coupling a second portion of said diverse molecules to said first portion of said 

11 diverse molecules to form diverse molecules on said substrates. 

1 2. The method of claim 1 wherein said redistributing step includes the step of . 

2 redistributing at least a portion of said substrates through a common manifold. 

1 3. An apparatus for parallel coupling reactions on solid supports, comprising: 

2 a parent vessel; 

3 at least one reaction vessel bank coupled to said parent vessel, said reaction 

4 vessel bank comprising a plurality of reaction vessels for performing said coupling 

5 reactions in parallel; 

6 a plurality of flow lines between said parent vessel and said reaction vessels, said 

7 flow lines forming a flow path between said reaction vessels and said parent vessel; 

8 a delivery system for delivering reagents to said reaction vessel bank; and 

9 a programmable computer for coordinating transfer of said solid supports between 
10 said parent vessel and said at least one reaction vessel bank. 

1 4. The apparatus of claim 3 further comprising a common manifold, said common 

2 manifold being connected to at least one of said plurality of flow lines. 



1 

2 
3 
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l^L, 1 firs, portion h.v*g 3 ■*« pressure than said second pon.cn. 



1 6 

2 



4 The apparatus of claim 3 wherein said reacdon vessel M M- 
leans for agiLng in paral,e, - conKn* of said plurafit, of reacon vessels. 

, , The apparatus of ciaim 3 wherein said reacdon vessel bank farmer comprises 

' rr::.-~- ■ — 

plurality of reaction vessels serially in a second mode. 

. j -,^ QQP i caid reaction vessel bank, 

8 The apparatus of claim 3 wherein said parent vessel, said rea 

i said sys.em a. sealed from the arnrosphere during said parallel ~up<»g 
3 synthesis reactions. 

, The appanttus of claim 4 funher comprising a valve for shifting said solid 

4 vessel and said plurality of reacUon vessels. 

10 The apparanss of claim 9 wherein said reacdon vessel ban* funher comprise 

4 ~ a f J mode and for seria,,, delivering said ,ea 8 en,s ,o selecrad ones of sam 

5 plurality of reaction vessels serially in a second mode. 

, „. A method for forming coupKng reacdons on heads in parallel, said method 

] ^Leasing - veads in a suspension from a parent vessel to a plurality of 
4 reaction vessels; 



4 

5 

1 

2 
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5 performing said coupling reactions in parallel inside said plurality of reaction 

6 vessels on said beads; 

7 transferring said beads from said plurality of reaction vessels to said parent 

8 vessel; and 

9 mixing said beads. 

1 12. The method of claim 11 wherein said steps are repeated a predetermined number 

2 of times. 

1 13. The method of claim 11 wherein said transferring step further comprises the step 

2 of transferring at least a portion of said beads through a common manifold. 

1 14. An optical alignment block for use with an optical detector in detecting the 

2 presence of a liquid within a substantially translucent tube, said optical alignment block 

3 comprising: 

4 means for directing a beam of light from the transmitter of said optical detector 

5 through the center of said tube onto a portion of the collector of said optical detector; and 

6 means for inhibiting light, other than said beam of light, emitted from the 

7 transmitter of said optical detector from reaching a portion of the collector of said 

8 detector. 

1 15. The optical alignment block of claim 14 wherein said directing means comprises a 

2 pinhole aperture through said optical alignment block. 

1 16. The optical alignment block of claim 15 wherein said optical detector comprises 

2 two' forks, the transmitter being located at a first. fork, and the collector being located at a 

3 second fork, said optical alignment block further comprises: 

4 means for frictionally engaging said optical alignment block between said two 

5 forks; and 

6 means for positioning said tube such that the longitudinal axis of said pinhole 

7 aperture intersects the radial axis of said tube at a 90-degree angle. 
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,7 The optical alignmen, block of claim ,4 wherein said direcring means further 

said optical detector. 

18 A delivery system for delivering reagents, comprising: 
a 2-port valve having a first port and a second port; 
a 3-port valve having a first through channel and a third port; 
m Z, responsive to a programmable computer, for selectively permUtmg sa ld 
third port to communicate with said first through channel; ^ 
means, responsive to said programmable computer, for selectively permUtmg sard 

7 first port to communicate with said second port; and , ltherebv 

8 means for sealingly coupling said first port to said first through channel, thereby 

9 forming a manifold. 

„ The s y s,em of Cain, 14 herein said Uurd port is coupled ,o a ft* luhe easing 
. Lgen, and «he omer o, said firs, port and said second port is coupled io a second t ube 
Z and wherein said ft* ,ube carries said reagen, eillrer .ward or awa y 



1 

2 
3 

4 from said manifold. 
, 20 . A combinarorial synthesis device for performing coupling reactions on beads, 

2 comprising 
3 



"la, one reacrion vessel bank, said reacrion vessel bank composing a pluraH,, 
of reacrion vessels and a plural*, of monomer reservoirs, each said reservoir assoctared 

5 with one of said reaction vessels; and 

a common reagen, res„voir, said common reagen. reservoir couple, ro sad a, 
.east one reacrion vessel bank for delivering a common reagen. .0 said plural.,, of 
reacrion vessels Ihroogh a common manifold. 

21 A memod for synmesizing a .agged mo,ecu,ar librar,. wherein each differen, 
moleeu.. in me iibrar, is covafend, auached ,o a solid support and is uaggeri w„h one or 
ugs, wherein each of said one o, more differen, Ugs composes a vanable 
I^lon regl and a hook, which Ugs are also covalenriy anac ed ,o s,d 

solid support, said me,hod comprising: (a) apportioning me supports in a s,ochas„c 



7 
8 

1 

2 
3 
4 
5 
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6 manner among a plurality of reaction vessels; (b) exposing the supports in each reaction 

7 vessel to a first chemical building block; (c) pooling the supports; (d) apportioning the 

8 supports in a stochastic manner among the plurality of reaction vessels; (e) exposing the 

9 supports in each reaction vessel to a chemical building block; and (f) repeating steps (a) 
10 through (e) from at least one to twenty times. 

1 22. The method of Claim 21, wherein said solid support is a linker. 

1 23. The method of claim 21, wherein said solid support is a Monobead™. 

1 24. The method of Claim 21, wherein said molecule is attached to said solid support 

2 by a linker. 

1 25. The method of Claim 24, wherein said linker is cleavable. 

1 26. The method of claim 21, wherein each of said one or more different tags 

2 comprises 

3 a cleavable linker attaching each of said one or more different tags to said solid 

4 support; 

5 a molecular hook; and 

6 a variable length hydrocarbon chain connecting said linker to said molecular 



1 27. The method of claim 21, wherein each of said one or more different tags 

2 comprises the formula: 



7 hook. 



3 




4 wherein n is from 1 to 10, X is a cleavable linker and R is a molecular hook. 



28. The method of claim 26, wherein X is a photocleavable linker. 
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elites conducive . M of • » ieCePW ' 

31 . ^^^rrr^r- 

said incubation step. 

^ ugs I*** *e 0^ : rr^ove »e 

. nf Claim 32 wherein said bead is about 10 pm in diameter and 
33. The improvement of Claim 32, wne derivatiz ed with a 

composed of a macroporous styrene-divinylbenzene copolymer 

dodecylamine linker. 



3 
4 
5 
6 
7 



1 
2 
3 



1 34. 



The improvement of Claim 32, wherein said bead is a Monobead™. 

of Claim 32 wherein said amino acid monomers have side <Bu 
35. The improvemen of 0» » ^ ^ ^ 

side chain protectmg groups, TFA used ine . 
groups, and said oligonucleotide tags compnse 7-deaza deo y 

2 claim 26, said method compn^g: ^ ^ 

3 cleaving said one or more ditierem m B 



1 35 

2 
3 
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4 immobilizing said one or more different tags; 

5 coupling an amplifiable, detectable group to said molecular hook on said one or 

6 more different tags; 

7 amplifying said amplifiable, detectable group; and 

8 detecting the presence of said amplifiable, detectable group, wherein the presence 

9 of said amplifiable, detectable group is indicative of the presence of said one or more 
10 different tags. 

1 37. The method of claim 35, wherein said amplifiable, detectable group comprises an 

2 oligonucleotide sequence capable of binding to said molecular hook. 

1 38. A method of determining the synthesis sequence of a molecule attached to a solid 



2 support in the tagged molecular library of claim 21, said method comprising individually 

3 detecting the presence of said one or more different tags attached to said solid support, 

4 the presence or absence of said one or more different tags being indicative of the 

5 occurrence of a particular synthesis step in the synthesis sequence of said molecule. 



1 39. The method of claim 38, wherein said individually detecting of said one or more 

2 different tags comprises: 

3 physically separating said one or more different tags according to their structure 

4 whereby a separation pattern is obtained for said one or more different tags; 

5 immobilizing said one or more different tags so as to preserve said separation 

6 pattern; 

7 treating said tags with an oligonucleotide sequence whereby the oligonucleotide 

8 sequence selectively binds to said one or more different tags; 

9 amplifying said oligonucleotide sequence; 

10 detecting the presence of said oligonucleotide sequence, wherein the presence or 

1 1 absence of said oligonucleotide sequence is indicative of the presence or absence of said 

12 one or more different tags; 

13 identifying said one or more different tags present by the relative position of said 

14 one or more different tags in said separation pattern; and 

15 correlating said presence or absence of said one or more different tags with the 

16 occurrence of a particular synthesis step in the synthesis sequence of said molecule. 
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